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Abstract 
A rise in the prevalence of obesity amongst children is of concern. Obese children tend to become 
obese adults and encounter an increased risk of severe health implications as a result. Despite the 
recognised health benefits of physical activity, sedentary pastimes are increasing in popularity with 
children and adolescents. Interactive gaming has recently been successfully employed to stimulate 
'whole-body' activity in home entertainment systems. Therefore, incorporating this type of technology 
into outdoor playground environments may have a positive effect on the activity levels of children. 
Encouraging children to participate, and continue participating, in physical activity forms the 
foundation of this work which aims to develop an electronic outdoor play device that maximises 
energy expenditure and enjoyment of participants whilst their minimising perceived exertion. 
Specific design objectives were identified by determining factors affecting participation and 
adherence to physical activity. A major determinant for children is perceived enjoyment. Uulike adults' 
who tend to engage in exercise for health benefits children participate due to the pleasure experienced 
and continue to participate thereafter due to intrinsic motivation rather than external rewards. 
Perceived competence also plays an important role as children who report higher self-belief show 
sustained involvement. Enjoyment is inversely related to levels of exertion for some children so, rather 
than reduce intensity, effective mechanisms to minimise perceived exertion were examined. 
A systematic design process ensued with the aim of investigating existing playground 
equipment and electronic play devices. Formulation of ideas based on electronic devices led to the 
creation of a concept incorporating modular switches positioned in three dimensions. An early 
prototype was constructed and tested with the aim of determining whether command driven, whole-
body, gaming was appropriate and to evaluate the user intensity. Results indicated that playing on the 
device required moderate to hard physical exertion and that further development was necessary to 
refine the spatial layout and game parameters to maximise physiological intensity and duration of play. 
A more advanced prototype was constructed based on anthropometric child data and an 
experimentation protocol designed with the aims of: 1) establish the exertion levels and enjoyment 
experienced by children playing on the MTR; 2) evaluate the effects of game settings on levels of 
exertion ~d enjoyment; 3) evaluate if any differences exist in the data between male and females 
when playing on the MTR. Results from the experimentation showed that the intensity of children 
playing on the device was extremely high (heart rate of 183 beats'min"), yet they found the experience 
to be very enjoyable (8.8 out of 10) giving a comparatively low perceived exertion (5.2 out of 10). No 
significant differences were present for psychological ratings or exertion data for different game 
settings although significant differences existing for game performance parameters demonstrating that 
game settings altered the user interaction. In addition, apart from a higher %HRR""", in males no 
significant differences existed between males and females. Further analysis of game types when split 
by gender illustrated that males exerted themselves to a greater extent in game C than feniales resulting 
in a higher enjoyment rating. The results exemplify the robustness of the game concept which is not 
heavily dependant on game settings. 
Mass manufacture by a leading playground company resulted in devices being installationed 
across the UK. Results from the validation experimentation suggest that the electronic outdoor play 
device maximises rates of energy expenditure compared to published data on all existing interactive 
whole-body gaming devices. Moreover, participants (aged 10 to 12 years) playing on the device were 
vigorously active (8 kcals'min") for a prolonged duration (mean game duration of 3 minutes 38 
seconds). Even though participants identified the activity as being 'tiring', they found it to be 'really 
enjoyable' (8.7 out of 10), and something that they were 'really good' at (7.0 out oflO). 
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Chapter 1 
General introduction 
The health benefits of participating in physical activity have been extensively investigated and the 
findings promoted worldwide, yet obesity levels are increasing at a rapid rate. Over the last 20 years 
obesity has trebled and on current trends, it is set to become the number one cause of death in UK in 
the next 10 to 15 years (World Health Organization, 2005). The Health Survey England in 2001 
(Department of Health, 2003) found that around 24 million adults are overweight with 1 in 5 adults 
classed as clinically obese. By 2020 if no action is taken this figure is likely to be I in 3 according to 
the Royal College of Physicians (2004). Up to 10% of 6 year olds are estimated to be obese in the UK 
(Lob stein et al., 2005). With these facts in mind, there is an increasing necessity to develop new 
strategies and design interventions to counter such sedentary behaviour across the whole population. 
A major concern with regard to childhood obesity is that obese children tend to become obese 
adults, facing increased risk of diabetes, cardiovascular disease, and many other chronic diseases 
(Braddon et al., 1986). In fact, there is twice as much chance that an obese child will become an obese 
adult, than a' lean child. A major cause of weight gain is the worryingly high levels of sedentary 
behaviour. The rise in sedentary behaviour is believed to be due to the decrease of physical activity 
within the occupational, transportation, domestic, and recreational domains (Beaglehole et al., 2002). 
This behaviour is exacerbated by the influence of pastimes requiring no physical exertion, such as 
television viewing and playing computer games. Technology has facilitated a less physically 
demanding existence, as seen in everyday life with elevators and escalators substituting the use of 
stairs whilst, rather than walking, motorised vehicles are used for very short journeys. 
Physical and physiological benefits of regular exercise include decreased blood pressure, 
reduced resting heart rate (HR), reduced body weight, decreased body fat, increased maximal oxygen 
uptake, improved flexibility, and decreased levels of stress-related indices such as cholesterol and 
triglyceride (Hill et aI., 1988). The benefits of sustained activity are, however, not limited to physical 
and/or physiological function. Studies have shown that numerous psychological changes follow regular 
involvement in exercise or physical activity, such as anxiety, reactivity to stress and cognitive 
1 
functioning (Biddle, 1999). In addition, it has been established that positive mood is also improved 
after exercise, especially ifthere is a perceived competence and a task oriented goal (Biddle, 1999). 
Studies have been conducted tu find out why people invest large amounts of time and energy in 
tasks which appeared to yield limited external rewards. Csikszentmihalyi (1975) concluded that 
motivation seemed highest when the challenge or difficulty of the task matched personal abilities and 
skills. This matching led to supreme enjoyment and engagement in the task. A mismatch can lead to 
either boredom (low challengelhigh skills) or anxiety (high challengellow skills). Development of 
intrinsic motivation is a key consideration for the promotion of physical activity (Biddle & Mutrie, 
2001). Determinants for high intrinsic motivation include high effort, feelings of enjoyment, 
competence and autonomy (self-determination), and low levels of pressure and anxiety (Deci and Ryan 
1985). Moreover, to alter the behaviour of an adult population it has been shown that physical 
education. and activity should be pursued and promoted in childhood (Biddle, 1999). It is important, 
therefore, to understand why children are motivated to start and how to maintain physical activity, 
including adherence to rigorous programmes. The motivational reasons why children participate and 
continue to particip~te in physical activity are difficult to pinpoint as the nature of the activity is often 
sporadic (Biddle, 1999). Prepubescent children in particular adopt irregular activity patterns, 
unfortunately, little is known about their 'freeplay' behaviours. It is, however, unlikely that children 
are active in an adult-like manner, sustaining periods of activity at high intensity mainly for health 
benefits. Whereas for children, enjoyment is the main motivation for participating in activities, 
particularly when considerable physical effort might be required (Biddle, 1999). Consequently, the 
purpose of this research is to develop a device that facilitates active play whilst heightening intrinsic 
enjoyment to ensure children react positively without focusing on the physical intensity. 
Playground equipment represents an ideal platform and environment to enhance physical 
activity participation and adherence amongst children. Public playgrounds are available to the vast 
majority of the population and mostly free of charge. It is a sector of the sport and leisure market 
where despite manufacturers developing traditional outdoor playground equipment (TOPE) of high 
quality, is underdeveloped from a research based technological and exercise perspective. There is, 
therefore, an opportunity to innovate and rejuvenate this market segment. With the alarmingly high 
worldwide childhood obesity levels, the importance of developing research based play equipment 
accessible to the vast majority of the population is siguificant. 
Developing a play device accessible to the to the general population means providing similar 
opportunities for physically less able individuals to play. Since the introduction of the Disability 
Discrimination Act (2005) it is a legal requirement for public service providers of playgrounds to 
ensure provision of inclusive play. It states that a playground provider must take reasonable steps to 
facilitate disabled children and their parents/carers tu utilise the play area. With this in mind, 
understanding the needs of the physically less able users early on in the design process is essential. 
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1.1 Aims & objectives 
The aim of this Ph.D. is to develop a novel 'electronic outdoor play device' (EOPD) that will increase 
childrens participation and adherence to health-enhancing physical activity. It is hypothesised that by 
employing research led design, the new device will maximise energy expenditure and perceived 
enjoyment whilst minimising perceived exertion. Enhancement is to be achieved using 'stealth fitness' 
whereby users interact with an enjoyable game, and so, are not focus on exertion levels. 
The design methodology followed to develop the device is based upon Pugh's (1991) total 
design process which provides a framework of 5 core phases (see Chapter 2). The research requires an 
understanding of contemporary play behaviours and the mutnal interaction between physical activity 
and enjoyment Design of a snitable test rig is essential in order to develop the spatial layout and 
interactive game. Experimentation will focus on different games settings in order evaluate intensity, 
duration, perceived competence, perceived enjoyment and perceived exertion. Results from the 
experimentations will subsequently be applied to optimise the final play device. 
In summary the aim is to 
a) maximise energy expenditure 
b) maximise perceived enjoyment 
c) minimise perceived exertion 
reSUlting in 
increased adherence to health-enhancing physical activity 
therefore need to 
identify & manipulate factors affecting a, b, & c via research led design 
By evaluating the final device this research will provide key insights into whether electronic 
technology can be incorporated into a playground environment to encourage physical activity amongst 
children that is both enjoyable and health-enhancing. 
This chapter reviews the relevant and associated issues crucial to developing the device. Due to 
the nature of the research there are many interacting aspects. Emphasis is placed on understanding 
childhood obesity, physical activity and play whilst motivational issues that encourage participation 
and adherence such as perceived competence, enjoyment and exertion levels are also covered. 
1.2 Obesity as a health problem 
The USA has a particularly high prevalence of obesity. Over 30% of the adult population are obese, 
rising to more than 50% in some ethnic subgroups. It has been estimated that diet and activity patterns 
contribute to 300,000 preventable deaths in the USA, second ouly to smoking (McGinnis & Foege, 
1993). Although the UK trails the USA, the rate of change is similar to the USA, providing a 
frightening insight into the potential scale of the problem uuless adequate procedures are adopted. A 
report on obesity by the House of Commons Health Committee (2004) predicted that obesity would 
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soon overtake smoking as the leading health problem in the UK. Throughout Europe, obesity has 
increased 10-50% within the past decade and by as much as 75% in parts of the developing world 
(World Health Organization, 2004). Worldwide over a billion adults and children are overweight 
(World Health Organization, 2004). Some experts have predicted that the current generation of 
children are likely to have shorter life expectancies than their parents because of obesity (House of 
Commons Health Committee, 2004). 
1.2.1 Childhood obesity 
In adults, overweight is often classified according to the BM! (Body Mass Index, i.e. mass in 
kilograms divided by height' in metres) with values greater than 30 constituting 'obesity' (Annstrong 
. & Welsman, 1997). For children, criteria based upon the percentage above normative data for body 
mass, height, sex and age is usually used. Cole et al., (2000) developed BM! cut points for children 
that match the profile of the widely used cut points for adults at 18 years old (i.e. BMI threshold for an 
overweight 12 year old boy is 21.2 and 21.7 kg·m·2 for a girl while the obesity threshold is 26.0 for a 
boy and 26.7 kg·m·2 for a girl). Obesity can generally be viewed as where weight gain has reached the 
point that it poses a serious threat to health (parliamentary Office of Science and Technology, 2003). 
Weight gain in the form of body fat increases occurs when an individual intakes more energy than they 
expend. Some people are genetically more susceptible than others; however the rise in obesity has been 
too rapid to attribute to genetic factors and must reflect changes in eating patterns and/or levels of 
physical activity (Dietz, 2002). 
Childhood obesity has recently received extensive media attention due to its increasing 
prevalence. Research indicates that, globally and in particular in the western world, obesity in children 
has risen alarmingly, turning obesity into a very significant public health issue (World Health 
Organization, 2000). The importance of reducing the prevalence of obesity in children stems from the 
fact that obese children tend to become obese adults, who face increased risk of diabetes, 
cardiovascular disease, and many other chronic diseases (Braddon et al., 1986). There is twice the 
likelihood that an obese child rather than a lean child will become an obese adult. Further, the chance 
that an adolescent will becoll)e an obese adult is 5 times as high if their parents are already obese 
(Whitaker et al., 1997). In addition to the health problems associated with obesity, it presents an 
enormous challenge and a severe drain on the financial resources for both present and future healthcare 
provision (Laing, 2002). 
1.2.2 Prevalence of childhood obesity 
Estimates of the prevalence of child and adolescent obesity differ between research studies. The use of 
different criteria for definition of obesity exacerbates the problem (Guillaume & Lissau, 2002). 
Whatever method is used to classify obesity, studies consistently report a high frequency of obesity 
with rates on the increase, particularly at the upper extreme of the BMI distribution (Guillaume & 
Lissau, 2002). The following summarises the extent of the problem: 
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• In the UK up to 15% of all children are estimated to be obese (Lob stein et al., 2005) 
• The total number of obese children in the UK has doubled since 1982. On present trends half 
of all children in England could be obese by 2020 (Lobstein et al., 2005) 
• Obesity in England from 1984 to 1994 among 4-12 year olds rose from 0.6% to 1.7% in boys 
and from 1.3 to 2.6% in girls (Chinn & Rona, 2001) 
• This recent increase in childhood obesity cannot be due to genetic factors as human genetics 
did not alter significantly between 1980 and 1994 (Dietz, 2002) 
• Children who are overweight tend to grow up into adults who are overweight and children are 
more likely to be overweight if their parents are obese (BUPA Health, 2004) 
• Highest prevalence of childhood obesity occurs in the most deprived areas of the UK, 
reflecting the trend in adults (Reilly, 2004) although this is not conclusive in all areas 
(Drummer et al., 2007) 
• The urban poor might be especially vulnerable because of poor diet (James et al., 1997) and 
limited opportunity for physical activity (Gordon-Larsen et al., 2000) 
• 40-69% of children over the age of 6 spend less than the recommended minimum of I hour a 
day doing moderate intensity physical activity (Smithers et al., 2000) 
1.3 Energy expenditure, physical activity & play 
Physical activity is a complex array of behaviours. It covers any bodily movement that is produced by 
skeletal muscles that results in energy expenditure above resting levels (Caspersen et al., 1985). 
Physical activity is therefore interrelated with energy expenditure (Biddle et al., 1998). The continued 
movement, and therefore muscle actuation, produces a range of consequences throughout the body 
involving the heart, blood vessels, nervous system, lungs and other associated organs. This muscle 
actuation requires an energy source which is derived from the conversion of chemical energy in food. 
The principal process used to supply energy to the body for exercise periods lasting longer than 10 
seconds is aerobic respiration (Freudenrich, 1998). The energy expended during physical activity may 
represent between 15% and 50"10 of total energy expenditure. This depends on the amount of physical 
activity performed and the body mass of the participant (Gutin & Barbeau, 2000). 
Weight loss can ouly be achieved through negative energy balance, i.e. where the intake of 
energy is less than the energy expended in physical activity (Alexander, 2002). It is generally 
recognised that human energy balance can be readily modified by changes in dietary energy intake. 
The energy intake from food, the balance of nutrients in the diet and the daily pattern of food 
consumption has been related to body composition. Children, unlike adults, require energy intake to be 
greater than energy expenditure in order to grow (Schutz & Maffeis, 2002). 
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1.3.1 Measuring energy expenditure 
To date an optimal tool for assessing total energy expenditure, rate of energy expenditure and the 
associated patterns of physical activity does not exist. There are many methods of measuring energy 
expenditure whether it is inferred or directly measured. Some of the most popular and proven methods, 
described in the following section, are self-report questionnaires, direct observation, pedometers, 
accelerometers, HR monitoring, oxygen uptake and doubly labelled water. Other techniques, such as 
long term activity recalls or interviews have lower reliability, objectivity and validity when used for 
children or adolescents. 
Self-report methods include retrospective questionnaires and recall interviews. They have 
generally been regarded as the most practical method of assessing energy expended during physical 
activity in large population studies. To date there have been over 40 different questionnaires developed 
to assess physical activity. By extrapolating data obtained from adults, data has been used to estimate 
children's energy expenditure. However, this method has been shown to underestimate energy costs by 
about 5% in 16 year olds and up to 20% in 10 year olds (Gutin & Barbeau, 2000). 
Pedometers measure vertical oscillations and log the total count of the movements. They may 
be worn on the ankle, wrist or belt as they are specifically designed for use during walking based 
activities. Newer electronic pedometers provide a far better level of accuracy then the older mechanical 
pedometers giving a reasonably accurate estimation of distance walked and number of steps taken 
(Bassett et al., 1996). Pedometers show good potential for assessing daily activity. However, they are 
unable to measure physical activity which contains static work, such as lifting heavy objects and so 
will inevitably underestimate the 'true' energy cost. Pedometers are particularly suited to population 
studies as they are inexpensive, reusable and objective. 
Accelerometers have been validated as a method for measuring children's physical activity 
(Rowlands et al., 1999). They are unobtrusive devices which allow assessment of duration and 
frequency of physical activity at different intensities. Most incorporate a mercury switch transducer to 
quantify physical movement. Triaxial accelerometers are better suited than uniaxial accelerometers for 
measuring children's sporadic physical play activities; however, they fail to detect, amongst others, 
activity during cycling or changes in accelerations while walking up and down a gradient. An in depth 
discussion is presented later in Chapter 8. 
Heart rate (HR) is typically measured by placing electrodes on the chest to log and process the 
electrocardiogram (ECG) signals generated by the heart. HR mouitoring has been used as a proxy 
measure for total energy expenditure (TEE) for decades, stemming from the work of Berggren & 
Christensen (1950). There teods to be a linear relationship between HR and oxygen consumption 
(V02) for each individual during a considerable section of the aerobic work range. When this 
relationship has been calculated, the exercise HR can be used to estimate V02 which can then be 
computed to find energy expenditure. Early attempts at estimating TEE from HR suffered from large 
errors since TEE had to be derived from a linear relationship fitted to a single averaged HR over 24 
hours. This is mainly due to the fact that HR is not a good predictor of energy expenditure at low levels 
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of activity. Developments in HR technology allowing vast amounts of data 'to be stored means that HR 
can be taken if required over very small time periods. With the increased resolution of data acquisition 
the duration, frequency and intensity of physical activity can be better measured. Further detail on 
children's HR response to physical activity is discussed in Chapter 5. 
All energy-releasing reactions in the body ultimately depend on oxygen usage, therefore, energy 
expenditure can be directly estimated by measuring the oxygen consumption (YOv of an individual. 
The respiratory quotient (RQ) is used t? estimate substrate oxidation rates and is calculated by 
determining the rate of carbon dioxide production (YCO,) over oxygen consumption (,VO,), (Gutin & 
Barbeau, 2000). However, when a 'steady state' does not exist, the term respiratory exchange ratio 
(RER) is used (Montoye et al., 1996). A value of approximately 5.0 kcal per litre of oxygen consumed 
is sometimes employed as an appropriate conversion factor for estimating energy expenditure under 
'steady state' conditions of aerobic metabolism. A full discussion on measuring \rO, is presented in 
Chapter 8. 
Doubly labelled water is considered the gold standard for the assessment of energy expenditure 
during field experiments (Montoye et al., 1996) but its high cost inhibits widespread use. Participants 
ingest a known amount of water labelled with 2 isotopes (,H,I'O) hence known as doubly labelled 
water. The deuterium (,H,) diffuses throughout the body's water, and the oxygen 18 e'O) diffuses 
throughout both the water and the bicarbonate stores (where much of the carbon dioxide derived from 
metabolism is stored). The rate at which the 2 isotopes leave the body can be determined by analysing 
their presence in a series of urine samples. The turnover rates are used to calculate how much carbon 
dioxide is produced, therefore, using calorimetric equations provides the value for energy expenditure 
(Wilmore & Costill, 2004). The data obtained, however, only provides a measure of energy 
expenditure over a particular time period with no insight or information on the individual's physical 
activity patterns. 
1.3.2 Role of physical activity in childhood obesity 
Physical activity constitutes on average a relatively small proportion oftota! energy expenditure (TEE) 
but its importance in relation to combating childhood obesity is high (Gutin & Barbeau, 2000). 
Physical activity accounts for the largest component of variability in TEE. Physical activity is 
commonly described as having the following main dimensions: 
• Duration - period of activity in seconds, minutes and/or hours 
• Frequency - number of bouts 
• Mode - type of physical activity 
• Intensity- measured as rate of heart rate (beats'min,I), oxygen consumption (rnIOikg'l·min·l) 
or energy expenditure (kcal'min'l) 
Unlike many adults, children's physical activity can encompass a magnitude of different body 
movements, skills and games. During observations, Sleap & Warburton (1996) found that the physical 
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activity of preadolescents during non-sporting activities included a wide range of actions such as 
climbing trees, hula hoop, brisk walking, dancing, biking, skipping that all could be classed as 
moderate-to-vigorous physical activity (MVPA). Most of a child's physical activity is undertaken 
outside of the school environment (Sallis et al., 1993; Vicent & Pangrazi, 2002) but schools play a 
major role in promoting and contributing to physical activity (Biddle et al., 1998). The foremost 
opportunity for children to be regularly physically active comes during scheduled daily playtime. 
These playtimes allow children to engage in unstructured, sporadic, physical activity. Stratton (2000) 
has conducted extensive research into physical activity patterns and energy expenditure based in the 
playground environment. Stratton & Leonard (2002) investigated the .effects before and after painting a 
playground surface of an infant school and found that TEE and rate of energy expenditure increased 
significantly, as did the duration of play. 
Several studies have reported differences in physical activity levels among boys and girls in 
different settings and populations (SalIis et al., 2000; Trost et al., 2000). Boys are reported to be 
significantly more involved in MVP A than girls (Trost et al., 2002; Santos et al., 2003). In general, 
both boys and girls reduce their level of physical activity as they mature (Sallis, 1993) but this decline 
is more evident in girls (Armstrong & Welsman, 1997). Measurements of children's physical activity 
levels can be problematic as their physical activity is not very 'memorable' and is normally 
accumulated via a large number of short sessions. Adults, on the other hand, will tend to accumulate 
physical activity over derme" periods with the specific aim of improving their health or body image. 
1.3.3 Lack of physical activity 
Changes in patterns of physical activity and the adoption of more sedentary lifestyles are believed to be 
the factors behind the rise in obesity levels. The move towards a low activity lifestyle in children has 
been influenced by safety, parental work habits, television viewing, low-activity pursuits (e.g. 
computer games), eating habits, transportation, and many other aspects of lifestyle and environment 
that have decreased the opportunity to exercise. Car journeys are routinely taken for short distances, 
and the 'school-run' is now a well established modern-day concept (Laing, 2002). 
The data on trends in physical activity among children are sparse. There is little direct evidence of 
a rise in sedentary lifestyles yet the data available reveals: 
• A fall in the number of children making their own way to school. The proportion of primary 
school children walking to school has fallen from 62% to 56% since 1989/91 while the 
number driven to school has risen from 27% to 36% (parliamentary Office of Science and 
Technology, 2003). Just 2% of secondary pupils now cycle to school compared with 5% in 
1989/91 (parliamentary Office of Science and Technology, 2003) 
• A rise in sedentary pastimes such as watching television, playing computer games or 
accessing the internet. The average 4-15 year old watches approximately 2.5 hours of 
television per day (parliamentary Office of Science and Technology, 2003) 
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• A lack of available cheap exercise options (Laing, 2002) and parents common belief that 
playing outdoors is unsafe (Lumeng et al., 2006) 
• Decline in the number of children engaged in physical activity and organised sport at school. 
Sport England (2000) found the proportion of children spending two or more hours a week 
playing sport in school declined from 46% in 1994 to 33% in 1999 
The energy expended during physical activity depends largely upon body weight. The greater the body 
weight, the greater the energy cost of an activity, so when obese children partake in the same activities 
as non-obese children they expend more energy (Bandini et al., 1990; Maffeis et al., 1996). Sedentary 
obese children have comparable daily energy expenctiture to their more active non-obese peers. This 
may be explained by the higher net energy cost of weight-bearing activities due to the movement of a 
heavier body (Maffeis et al., 1993). It should, therefore, be taken into account that the same boctily' 
movement in obese and lean children will involve greater absolute energy cost in obese children. 
1.3.4 Physical activity recommendations 
The American College of Sports Medicine (1988) developed a statement on the amount of physical 
activity needed for optimal functional health. They recommended that children and adolescents should 
achieve 20 to 30 minutes of vigorous exercise each day. They expanded their guidelines in 1991 by 
recommencting that training programmes should progressively increase the quantity of exercise, 
provide adequate muscular strength and flexibility, and make use of proper body mechanics (American 
College of Sports Medicine, 1991). SaIIis & Patrick (1994), refined the proposal more specifically for 
adolescents. The guidelines for adolescent physical activity were 2-fold: (i) all adolescents should be 
physically active daily or nearly every day as part of their lifestyle. The intensity is not as important as 
the fact that energy is expended and the variety of activities should be enjoyable, involve a range of 
muscle groups and inclnde some weight bearing activities; (ii) adolescents should engage in 3 or more 
sessions per week of moderate-to-vigorous physical activities (MVP A) that last 20 minutes or more 
and the physical activities should activate large muscle groups. 
The UK's Health Education Authority symposium 'Young and Active?' (Biddle et al., 1998) 
proposed a number of ctifferent recommendations for the physical activity of children. Their primary 
recommendation was that all children should participate in physical activity of at least moderate 
intensity for 1 hour per day and that children who currently do little activity should participate in 
physical activity of at least moderate intensity for at least half an hour per day. Their secondary 
recommendation was that at least twice a weak, some of these activities should help to enhance and 
maintain muscular strength and flexibility, and bone health. Further, it has recently been stated by 
Anderson et al., (2006) that these recommendations should be higher in duration to prevent the 
clustering of carctiovascular ctisease risk factors. There is considerable literature on the recommended 
amount of daily physical activity for children and adolescents but very little state the exact type of 
exercises or body movements, especially for obese individuals. 
9 
Research has shown that children undeniably benefit from suitable and accessible facilities that 
promote physical activity (Sallis et al., 1990, 1993), with this in mind, developing an open access play 
device which will increase the appeal of physical activity is of real benefit. 
1.3.5 Importance of play 
Children, unlike adults, mainly participate in physical activities because of the intrinsic enjoyment 
experienced (Biddle, 1999). Adults on the other hand seek pleasure from the activity however 
improvement in health is usually the ultimate goal (Biddle, 1999). To increase the chances of child 
participation, play equipment must impart just that, 'play'. Play is defined by Gill (2004) as \\hat 
children do when they follow their own ideas and interests, in their own way and for their own reasons. 
There is growing recognition that outdoor play experiences effectively stimulate young children'S 
development (Henniger, 1993) as they act as more than just areas to for physical exertion; they 
enhance learning and social behaviour. A report entitled 'Getting Serious about Play' (Gill, 2004) 
stated that most children want to get outdoors more and they want to be able to meet their friends. The 
report also outlined the need for greater choice and variety in play equipment. Unfortunately, the 
majority of TOPE are quite similar offering comparable modes of play whereas Biddle (1999) states 
that children play and learn in a multi-faceted and sporadic way. 
Research conducted by Barbour (1999) into the play behaviour of children with differing levels 
of physical competence found that children's play behaviours are determined in part by 
interrelationships among the physical setting or playground, physical competence and peer 
relationships. The play behaviours and means through which children interact with peers are 
influenced considerably by playground equipment (Barbour, 1999) as the design facilitates or 
constrains the actions/interactions with peers and play. Certain types of play equipment, more 
specifically the unpredictable ones, enhance children's spatial and visual perception (Blake, 1969). 
Some outdoor play environments are also more effective at supporting children's growth and 
development than others (Frost, 1992). Ideally, a playground should allow children to develop 
progressively, testing their skills and abilities by providing a series of graduated challenges (Plumb, 
2004). Continual engagement with the equipment in the playground environment can enhance motor 
skill development and, hence, physical competence (Evans & Roberts, 1987; Barbour, 1996). 
In addition to supporting various forms of play, playgrounds should accommodate the wide 
range of abilities of the children who use them. Obesity is one factor that can inhibit a child's physical 
competence. Physical competence itself affects a child's choice of activities and play partners. 
Furthermore, physical competence influences the means through which children initiate and maintain 
social interactions. Children with low physical competence may avoid particular pieces of playground 
equipment or may avoid interaction with more physically competent peers (Barbour, 1999). Children 
tend to seek a level of challenge that best suits their individual needs. Barbour (1999) believes it is 
important to include equipment and objects that promote motor skill development of children with low 
physical competence whilst providing opportnnities for them to interact socially with peers. It is also 
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important to physically challenge the children with high physical competence. In the study hy Barbour 
(1999) it was observed that the play behaviours of children with low physical competence were limited 
by their reluctance or inability to use certain pieces of playground equipment or to engage in gross 
motor activities. 
Department of Health (2000) statistics show that there are over 55,000 disabled children under 
5 years and over 275,000 aged 5-15 years in the UK. Recommendations made by Gill (2004) state that 
disabled children should be able to use play facilities alongside others and that playgrounds must 
provide an inclusive enviromnent to enable disabled people to take responsibility for themselves. In the 
UK there is a legal requirement though the Disability Discrimination Act (DDA) 2005 to protect 
people with disabilities from discrimination. The DDA defines disability as, "a physical or mental 
impairment, which has a substantial and long-term adverse effect on a person's ability to carry out 
normal day-to-day activities." The DDA makes it unlawful for people who provide goods or services 
to the public to discriminate against disabled people, whether or not the service is provided free or paid 
for. It does not cover private clubs and associations, but does cover public facilities, including play 
spaces, swimming pools and parks (Hicks & Heseltine, 2001). Most playgrounds are designed for, and 
used by, active fully able children; however, there must be provision for disabled access. Disabilities 
come in many forms and include hearing or visual impairment, impaired manual dexterity, physical co-
ordination and mobility, as well as emotional and behavioural problems and learning difficulties 
(Hicks & Heseltine, 200 I). Being disabled does not reduce personal vigour or remove any inherent 
sense of adventure. The need for new equipment to create challenges for all and barriers for none is 
great. Where totally shared experience is not always possible, then at least opportunities should be 
created that offer equal experience for all children (Hicks & Heseltine, 200 I). Play is recognised as a 
means of building problem-solving skills, developing independence and self-awareness. It follows that 
disabled children will rightly seek to share play space with their peers and may have a particUlar need 
for the experience that can be gained through play activities. Inclusive play areas promote and 
encourage social integration whilst ensuring a controlled enviromnent to test and expand their skills 
(Hicks & Heseltine, 2001). A particular objective for the EOPD is to provide a high level of inclusive 
play so that disabled children can share a similar play experience, independently, or alongside all other 
users. 
1.3.6 Stealth fitness 
Fitness involves both health and skill related sub-components. The health components are 
cardiovascular, strength, local muscular endurance, flexibility and body composition while the skill 
related components are agility, balance, coordination, power, reaction time and speed (Stratton et al., 
2004). 'Stealth fitness' is a phrase coined to encompass the participation of an individual in both health 
and skill-enhancing physical activity without them focusing on the exertion levels required due to a 
distraction caused by a stimulus. This stimulus may be in the form of audio, visual, mental imagery or 
games etc, but serves to lessen the focus on the symptoms of physical exertion. Dissociative thinking 
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describes the technique employed, consciously or subconsciously, by some individuals during physical 
activities to generate thoughts snd feeliugs not connected with the physical activity. Dissociation may 
include such attentional distractions as thinking about work, scenery, relationships, snd spiritual 
matters, all non-activity related. Attentional distraction has been related to less physiological 
awareness and lower ratings of perceived exertion (Filliugim & Fine, 1986; 10hnson & Siegel, 1992; 
Wrisberg et al., 1988; Harte & Eifert, 1995 and Boutcher & Trenske, 1990). More specifically for 
children, enjoyment minimises negative experiences relating to physical activity (Weiss, 2000). 
Inclusion of games, music and/or visual stimuli into physical activities are techniques that have to-date 
been employed to elevate levels of enjoyment 
One method used to aid dissociative thinking is to alter the auditory stimulus. Professional and 
recreational athletes have been known to utilise music in an effort to sustain motivation and combat 
mental or emotional fatigue. Varying the intensity, tone and tempo, have been shown to evoke 
psychological and physiological responses. As a result, considerable research has been devoted to 
better understanding the behavioural effects associated with listening to different types of music 
(Browuiey et al., 1995). Becker el al., (1994), Szabo et al., (1999) and Szmedra & Bacharach, (1998) 
have found that listening to music during exercise can influence emotions, mask unpleasant feeliugs, 
delay fatigue and also affect cardiovascular performance. Moreover, distraction has been found to 
facilitate perseverance of physical activity. Pennebaker & Lighter (1980) conducted two experiments, a 
field study and treadmill protocol, examining whether attention to external cues attenuates the 
perception of physical symptoms and fatigue. The field study showed that participants ran faster when 
focusing their attention on external stimuli rather thsn internal sensory information. During the 
treadmill protocol participants were obliged to process internal sensory information, such as breathing 
rate, and, subsequently, reported a greater number of symptoms relative to participants processing 
external sensory information. Masters and Ogles (1998) confirmed the beneficial effects of distraction 
on exercise in students and athletes whilst recognising the potential of increasing adherence in specific 
populations. A study by De Bourdeaudhuij et ai" (2002) observed that obese children ran for a 
significantly longer period when listening to their favourite music in comparison to no audio stimulus. 
Moreover, results from a 10 month period indicated that the effect of distraction upon exhaustive 
running time was present even though the effects were seen decrease. The author stated it was 
reasonable to assume that when distraction stimulus was present, participants took longer to perceive 
bodily sensations before deciding to stop, thus resulting in an extended run period. Evidence 
supporting this suggestion was obtained from data showing a both superior peak performance and 
higher metabolic stress. It was concluded that drawing attention away from bodily sensations arising 
from exertion may be helpful in promoting greater physical endurance. 
The role of technology in exercise activities is now becoming far more significsnt. Existing snd 
emerging technologies can provide both new methods of supporting exercise adherence and more 
convenient methods of applying proven strategies (Dirkiu, 1994). According to Dirkiu (1994), 
technology may play an importsnt public-health role by involving previously inactive individuals in 
moderate physical activities. Epstein et al., (2007) investigated the reinforcing value of interactive 
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dance and bicycle games amongst overweight and nonoverweight children. Results demonstrated that 
children were motivated to play the interactive dance video game but less motivated to play the 
interactive bicycle video game. Increased motivation to play the dance game was found not to be a 
function of visual stimulus, but rather the interactive nature of the game. All children, regardless of 
gender or overweight status, were more motivated to be physically active in order to play the game 
rather than use only the video controller. In comparison, the interactive bicycle game was only as 
motivating as riding the bicycle, with or without visual stimulus. It was suggested that riding the 
bicycle was too much like normal exercise and so did not provide any reinforcement value. 
Integrating technology into playground equipment provides an excellent opportunity to 
incorporate interventions to aid adherence. Providing self-regulation and self-monitoring cues is vital 
to improving both adherence and compliance. Dirkin (1994) suggests that without these cues or any 
external reinforcement, adherence and participation steadily decline over time. Many experts including 
Dishman (1991) and King (1991) believe that adherence to exercise can be facilitated through a variety 
of interventions such as discrete, immediate or frequent feedback with goal-setting. To enhance 
participation and adherence to physical activity, play equipment should facilitate both pleasure and 
positive engagement. Technology incorporated into the EOPD is aimed at increasing participation 
whilst ensuring continual adherence. 
1.4 Participation & adherence 
According to Biddle (1999) the decision by children to participate in physical activity is influenced by 
perceptions of competence, external constraints and friends, degree of support from significant others, 
and past experiences. For children, the primary influence on participation is the level of enjoyment, 
whereas for adults pursuing health improvements, exercise mode, intensity and duration are of more 
importance. 
Once individuals have become involved in physical activity it is essential that they continue to 
participate over long periods of time, referred to as exercise adherence. Adherence signifies 
'continuing motivation' which is persistence over time, usually months and years which can be 
different from the motivation associated with the adoption of new behaviour (Biddle, 1999). 
Adherence to an exercise program is fundamental to obtaining the subsequent health benefits 
(Brownley et al., 1995). Because of this, physical activity adherence is a prime emphasis for the 
development of an EOPD. In spite of the physiological, physical, and psychological benefits, the 
number of adherents in regular exercise remains problematic. When adults begin an exercise 
programme, 20-50% withdraws within the first 6 months (Dishman, 1988; Robison & Rogers, 1994). 
Studies with children show that age is inversely associated with physical activity with the greatest 
decline occurring in the teen years (Sallis et ai., 2000). This decline is most apparent in vigorous 
activities and in non-organised sport activities (Sallis, 2000). 
Studies investigating exercise adherence found that intrinsic motivation is key to sustaining 
involvement. Intrinsic motivation is the motivation to do something for its own sake in the absence of 
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external (extrinsic) rewards such as money, prizes or prestige from others (Biddle, 1999). Often this 
involves enjoyment and satisfaction, which is performed out of interest and curiosity. Activities that 
match the difficulty level with the child's capabilities are far more likely to promote adherence (Weiss, 
1991). People seek to understand how to produce desired outcomes (Biddle, 1999). Rewards that 
provide instant feedback on an individual's competence are likely to enhance intrinsic motivation. 
Conversely, activities that are too difficult invoke anxiety and frustration particularly when persistent 
efforts are unsuccessful. Children use development of skills, effort expenditure, and self-improvement 
as criteria for determining how physically competent they are. Studies show that children and 
adolescents experience elevated levels of enjoyment when they are involved in activities with high 
action, high scoring, high personal involvement, close games, and opportunities to affirm friendships 
(Coakley, 1993). 
Exercise adherence would be enhanced, according to Epstein et al., (l996), if interventions 
increased the reinforcing value of exercise and the methods that have shown to improve adult exercise 
adherence may be applied in a similar way for children. Examples are increasing choice (Thompson & 
Wankel, 1980) and control over exercise parameters (Martin et al., 1984), as well as providing 
immediate reinforcement during exercise, rather than after exercise completion (Martin et al., 1984). 
Unfortunately, less research is available on activity settings beyond sport and exercise such as 
'freeplay' which according to Biddle (1999) is an area in need of further research. Gould (l987) 
summarised the reasons some children have poor adherence as conflicts of interest, lack of playing 
time, lack of fun, lack of success, limited skills improvements, boredom, and injury. Most research 
suggests that adherence is related to the positive emotional experience children have if the activity is 
considered to be enjoyable. 
Even with the considerable amount of research conducted into the factors behind why people 
participate and continue to participate in physical activity, few can directly pinpoint why well-
intentioned individuals remain inactive or return to inactivity even after periods of successful exercise. 
Essentially, the theories as to why children are motivated to be physically active concentrate on three 
main themes. They are perceptions of competence (e.g. physical ability, physical appearance), 
enjoyment of physical activity and social iuIluence. 
1.4.1 Perceived enjoyment 
Studies investigating motivational reasons why children participate in physical activity repeatedly cite 
enjoyment as a strong predictor of behaviour. Enjoyment derived from participation maximises the 
positive and minimises the negative experiences related to physical activity. Further, enjoyment is 
likely to enhance the attractiveness of the current activity, thus, decreasing the appeal of alternative 
anti-social activities (Weiss, 2000). External enjoyment sources include positive social interactions, 
support and recognition while internal sources appear to be perceptions of physical ability, effort 
exerted in learning/demonstrating skills, mastery of skills, and movement sensations (Weiss, 2000). 
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Annstrong and Welsmen (1997) fonnd many children can become resistant to regimented or 
compulsory exercise and a lack of enjoyment of physical education (PE) lessons can generate negative 
attitudes toward exercise and self-esteem. Being forced to exercise during childhood may have 
negative consequences for participation in physical activity later in life (Macfarlane & Kwong, 2003). 
Enjoyable PE experien~es help promote positive attitudes toward and encourage participation in 
physical activity. Studies by Epstein et al., 1991 and Macfarlane et al., 1992 found that enjoyment is 
inversely related to the level of exertion. Prochaska et al., (2003) fonnd PE enjoyment was not affected 
by overweight status, although, certain activities were enjoyed more than others, most preferring skill-
related to those that were more vigorous. It was stated however that a limitation of the study was that 
participants were predominantly Caucasian and from one large school district in southern California. 
Children's attitudes towards PE have been measured using many different methods such as open-ended 
questions, numeric or pictorial rating scales, and class rankings. Prochaska (2003) assessed PE 
enjoyment with the question: "How do you feel about PE classes?" Response options were assisted by 
the use of 6 "sadibappy" faces from a frowning (1) to a smiling (6) face and activities were observed 
using the Children's Activity Rating Scale (CARS). An intervention study by Scruggs et al., (2003) 
attempted to increase children's physical activity during school by incorporating Fitness Breaks (FB) 
which employed an obstacle course to promote MVP A such as running, climbing, jumping, skipping 
and push-ups. Physical activity was recorded via HR and pedometry while enjoyment was measured 
by a 5-point Likert-scale. In comparison to normal recess, FB significantly increased MVP A for both 
boys and girls however girls' enjoyment of FB was found to be significantly lower than boys'. 
Macfarlane & Kwong, (2003) measured children's lIRa and enjoyment levels during PE lessons by 
asking: "How did you like the physical activities today?" Each child answered using a 5-point Likert-
scale. The answers available were: excellent = 5, good = 4, equivocal = 3, fair = 2, and poor = 1. 
Results showed that the average PE lesson used 22 minutes of the scheduled 35 minutes, whilst the 
children spent only 3.7 minutes in MVPA (60-90% of Heart Rate Reserve), and nearly 50% of the 
children spent less than 2 minutes with their HR above 159 beats·min·l • No significant differences in 
activity levels were observed between genders. Ball games and 'freeplay' produced statistically higher 
lIRa and CARS values than gymnastics. Levels of enjoyment were reasonably low (3.7±1.0), but did 
not vary significantly between gender or activity type. The author proposed that a variety of social and 
environment factors contnbuted to the low activity and enjoyment levels measures. 
1.4.2 Perceived competence 
Perceived competence is defined by an individual's judgement of their ability in a particular area. 
Perceived physical competence relates to how individuals evaluate their athletic skills, physical fitness, 
and physical appearance. Children who report higher beliefs about their physical competencies are 
more likely to enjoy activity and sustain continuing involvement than children who report lower levels 
of phYSical competence (Weiss, 2000). As children age they become far more competitive and seek tu 
do better than their peers. When their ability compares favourably, it conveys the belief that they are 
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physically competent (Weiss, 2000). Children and adolescents want to develop and demonstrate 
physical competence and so when they lack the actual or perceived physical competence they may be 
resistant to participating in many activities. This notion is supported by the competence motivation 
theory (Harter, 1978 and Weiss, 2000), which states that children's motivation to participate in 
physical activity is influenced by their actual and perceived physical competence. 
Research which has found that boys tend to have far more positive perceptions of their physical 
competence than girls (Mullan el al., 1997) supports the theory that children's perceptions of their 
physical competence is a consistent predictor of participation, effort, and continuing interest in 
physical activity. In addition, Southhall el al., (2004) compared non-overweight with overweight 
children and found that overweight children demonstrated significantly lower actual and perceived 
physical competence. Again, because physical competence is a predictor of physical activity in non-
overweight children and lower physical activity is associated with excess weight gain in children; 
actual and perceived physical competence can be important determinants of physical activity in 
overweight children. It is therefore vital that opportunities and encouragement are provided for 
overweight children to develop and improve their physical competence in order to maximise 
participation in physical activity in order to combat the cycle of obesity. 
Perceived physical competence has been assessed in a number of studies using different 
methods. The athletic competence subscale of the Self-Perception Profile for Children (SPPC) is a 
structured alternative scoring format which requires participants to describe whether the statements are 
true or not for them. Another method, the Self-perceived competence in physical education scale used 
by Carroll & Loumidis (2001), asks participants 5 questions all related to perceptions of ability in PE 
at school about their ability to learn sport skills in PE and confidence in the PE environment. Answers 
are given on a scale ranging from 'very true' (4) to 'not at all true' (I), where I indicated low 
perceived competence. 
1.4.3 Youth physical activity promotional model 
Several theoretical models with an implicit aim of increasing participation and adherence to physical 
activity have been proposed to understand the factors influencing physical activity behaviour. Despite 
the acknowledged importance of age-related differences in activity behaviour, few focus on children. 
The youth physical activity promotion model (Figure 1.1) however is based on the distinct 
developmental, psychological, and behavioural characteristics of children. It provides a conceptual 
framework for understanding the factors that may predispose, enable and reinforce children to be 
physically active (Welk, 1999). 
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Figure Ll: The youth physical activity promotional model (Welk, 1999) 
Predisposing factors include variables that collectively increase the likelihood that a child will be 
physically active on a regular basis. Two fundamental questions are stated: Am I able? and Is it worth 
it? The flfSt question identifies child's perceived competence as it is known that children will not 
persist in activities unless they feel capable of competently performing the activity. The second 
question identifies the benefits and costs of physical activity participation that would include both 
cognitive (attitudes and beliefs) and affective (enjoyment and interest) variables. Reinforcing factors 
are variables that support a child's physical activity behaviour. These factors may influence a child's 
behaviour directly (i.e. parents driving their children to sports practice or encouragement to be active) 
or indirectly (i.e. parents belief of physical activity). Enabling factors include variables that allow 
children to be physical active such as environmental attributes (i.e. access to equipment, parks and 
programs) and biological factors (i.e. physical skills, fituess and body fat). Potential links between 
factors have been identified to facilitate promotional efforts 
1.4.4 Perceived exertion 
This section presents details on perceived exertion and the methods of rating of perceived exertion 
(RPE). Discussion is provided on the background, determinants, validity and reliability with particular 
reference to children's perceived exertion. RPE is to be recorded during the experimentation of the 
EOPD and so accurate implementation and assessment of children is vital. 
Perceived exertion can be defined as the detection and interpretation of sensations arising from 
the body during physical exercise (Nobel & Robertson, 1996). This topic has grown extensively from 
the early pioneering work by Gunnar Borg, Robert Robertson and Bruce Noble in the early 80s. The 
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RPE scale most commonly employed for exercise testing is the Borg IS-graded scale (Table 1.1). It 
was originally developed to relate HR to perceived exertion, although many studies found the direct 
link weak (Ekblom & Goldbarg, 1971). 
Table 1.1: Borg IS-graded rating of perceived exertion (RPE) scale (Borg, 1982) 
6 
7 Very, very light 
8 
9 Very light 
10 
11 Fairly light 
12 
13 Somewhat hard 
14 
IS Hard 
16 
17 Very hard 
18 
19 Very, very hard 
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There are two main sources of symptoms during dynamic exercise; they are exertional intolerance in 
muscles (aches, cramps, pain, muscular and arterial heaviness, fatigue) and cardiorespiratory fatigue 
(Ekblom & Goldbarg, 1971; Horstman at aI., 1979). These subjective components parallel 
physiological processes to set the upper limits of human endurance. 
Early studies by Bar-Or, (1977) and others were undertaken to determine the RPE age 
threshold, i.e. the youngest age at which a child could use a RPE scale effectively. It was concluded 
that although children as young as 6 years of age can correctly use the Borg 6-20 scale, the correlation 
between HR and RPE was lower in the young group in comparison with the older group. Since then 
different scales have been designed for use with children. One such scale, the children's OMNI scale, 
desigued especially to aid children rate their perceived exertion, can be employed for an extensive 
range of aerobic and resistance exercises (Robertson, 2004). Different formats are available which 
incorporate pictorial cues depicting various types of physical activities. The term OMNI is short for 
omnibus, which in this context means the scale is applicable for a wide range of people and physical 
activity settings. The scale is appropriate for exercise testing, self-regulating training intensity and 
tracking training progress (Robertson, 2004). 
1.4.5 Social influence 
Social influence has a tremendous impact on individual and group cognjtions (mental processes), 
attitudes, and behaviours. Baron and Byme (1991) stated that perceptions, attitudes, and actions are 
strongly affected by other people, either individually or COllectively. This social influence also. holds 
true for the participation and adherence to exercise. In general, research has shown that compared to 
exercising alone, exercising in a group results in increased adherence and more positive attitudes (e.g. 
Heinzelman & Bagley, 1970; Massie & Shephard, 1971). The social reinforcement and companionship 
of group programs facilitates increased exercise adherence (Franklin, 1988; Wankel, 1985; Wankel et 
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al., 1985) through increased enjoyment, a sense of social support, personal commitment to continue, 
and the opportunity to compare progress and fitness level with group members (Heinzelmann & 
Bagley, 1970). If participating in a group is beneficial, being in a highly cohesive group is even more 
so (Carron et al., 1999). Social support and encouragement motivate children to participate in physical 
activity as parents, teachers, coaches, and peers provide feedback, reinforcement and positive role 
models which influence perceptions of physical competence, enjoyment and physical activity 
behaviour (Le. participation and adherence). Although not a primary objective, the EOPD is to be 
designed and developed as to enable and actively promote social play. 
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Chapter 2 
Design process 
1bis chapter examines the design methodology followed to develop the electronic outdoor play device 
(EOPD). Implementation of a systematic approach to the design process ensured a logical progression 
from investigation to prototype manufacture. The initial investigation stage naturaIly leads to forming 
the criteria for the initial product design specification (PDS) which is then frequently updated as more 
details become apparent. The main pwpose of the PDS is to outline the performance requirements of 
the design whilst acting as a document for communication between design disciplines. Once the main 
criteria were outlined the concept design stage began. Ideation thrived on the unrestricted flow of 
group thoughts generated from brainstorming sessions. Innovative ideas were then developed into 
realistic concepts subsequently evaluated using a simple but highly informative selection matrix. 
In order to accomplish the aim of maximising total energy expenditure and perceived 
enjoyment whilst reducing perceived exertion required a radical departure from the design philosophy 
typically implemented in the playground industry. As with many commercial companies, playground 
manufacturers tend to follow a process which ensures economic revenue is maximised without 
thorough investment in research based design. The philosophy followed for this Ph.D. is based upon 
user-centred design taking into account factors that affect participation and adherence to physical 
activity. 
2.1 Design methodology 
The design methodology is based upon Pugh's (1991) total design process. The approach provides a 
framework of five core phases to fully realise the device, they are as follows: 
1. Investigation 
2. Product Design Specification (PDS) 
3. Conceptual Design 
4. Detail Design 
5. Prototype Manufacture 
Once a prototype has been manufactured, user experimentation is conducted. 
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2.2 Investigation stage 
The investigation stage examines the status of physical play and popular play devices currently 
available. Attention is placed at understanding the extent to which playground equipment influences 
children's play behaviours whilst enabling the physically less competent children to engage in play. 
The section also outlines the evolution from traditional outdoor play equipment (TaPE) to 
contemporary outdoor play equipment (COPE). To innovate in the playground sector, it was crucial to 
gain an understanding of COPE and the current trends within the market. A physical and visual 
examination of playground equipment, both installed locally and available worldwide, illustrated that 
although the equipment varied greatly in aesthetic design, similarities existed in the types of play 
modes. 
The aesthetics of playground equipment can positively or negatively influence a children's 
desire to play (Christiansen, 2002). The more visually attractive the equipment, the more likely 
children will want to engage with the equipment. The significance of the aesthetics and visual cues of 
play equipment can all too often be disregarded. The appearance will often dictate how children create 
games/activities and, as a result, it is important to consider visual prompts early in the concept design. 
TaPE refers to play apparatus such as seated chain swings, metal panel slides, tubular climbing 
structures, merry go rounds and seated seesaws etc. These pieces of TaPE were introduced in the late 
19th century and have essentially remained unaltered to the present day (Memik, 2004). Design of 
COPE has begun to allow a more diverse range of play patterns; however, there is still a significant 
need to develop equipment that specifically promotes enjoyable, health-enhancing, physical play. 
Many of the fundamental TaPE design concepts are still incOlporated into COPE, and consequently, 
provide a very similar play experience. Examples of some of the COPE available at present are 
provided in the following section along with commentary on the types of play patterns. The examples 
are by no means exhaustive but offer an insight into what is currently available. 
The present-day Kompan Galaxy range, as shown in Figure 2.l(a) and (b), has advanced 
significantly in terms of visual appearance over TaPE whilst also permitting a large array of play 
activities on a single installation. The design of the frame allows a choice of climbing methods 
whereas the rotating apparatus (i.e. standing spinuing frames) ensures a number of dynamic activities. 
The stand-alone device (Figure 2.l(b» has been designed to replicate movements requiring balancing 
skills such the boarding sports such as skateboarding and snowboarding. 
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(a) Kompan Galaxy" (www.kompan.com) (b) Kompan Galaxy" (www.kompan.com) 
(c) Lappse\ Axiom" (www.Jappset.co.uk) (d) SMP Nexus" (www.smp.co.uk) 
Figure 2. 1: Examples of current playground equipment available on the market 
The Lappset (Rovaniemi, Finland), Axiom (Figure 2.1 (c» and SMP Playgrounds (Surrey, UK), Nexus 
range (Figure 2. 1 (d)) illustrate the range of COPE available. Axiom range (Figure 2. 1 (c)) dictates a 
linear approach to the physical play. The apparatus can be traversed from one side to the other, 
provided that the user has the physical capability to overcome a number of obstacles. The vertical 
climbing equipment incorporated into the SMP, Nexus includes both traditional ladders and 
contemporary rock climbing walls, each necessitating a different level of physical ability. The user can 
opt for different vertical routes with a mixture of obstacles to overcome in an attempt to reach the top. 
Users must possess a high degree of physical competence as they must lift their own body weight in 
order to overcome the majority of the obstacles. The design endeavours to ensure safe play but the type 
of climbing apparatuS incorporated means there are obvious inherent dangers. With the potential for 
fall heights, COp1es the requirement to provide sufficiently cushioned surfaces to absorb critical head 
impacts which can increase the installation cost drastically. A common attribute exhibited by most of 
the playground manufacturers is that their up-to-date range are all visually striking, incorporating 
bright colours and unusual shapes to emphasise fun and attract attention. 
A slightly different approach has been taken by Proludic (Vouvray, France) with their 'Sport' 
range (Figure 2.2). The designs are all based around different ' extreme' activities, and so, users must 
replicate various sporting movements. The equipment provides a 'thri ll' factor and 'adrenaline fuelled ' 
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activity in a more accessible and safe playground environment. The range is specifically aimed 
towards the adolescent participant rather then the younger child and so a higher level of physical 
competence is assumed. Users must input high levels of energy in terms of strength, power and 
duration in order to output the desired movement. As an example the apparatus shown in Figure 2.2(a) 
provides a power workout as users jump explosively into the air whilst holding the hand bar to attain a 
greater height. The integrated recoil tensioner then reduces the speed of descent. Figure 2.2(b) shows a 
dynamic piece of equipment that takes inspiration from water sports. A user is able to replicate the 
stance taken when wind surfing while another user grips a control bar as used for kite surfing. 
(a) (b) 
Figure 2.2: Proludic spon range (www.proludic.fr/english) 
The COPE discussed illustrates the fact a number of manufacturers are offering a greater range of 
solutions combined with attractive aesthetics and numerous play activities. However, in the main 
COPE display only an evolution from TOPE with slides, climbing frames, ladders and spinners 
modified in some way to pennit a greater range of play options. All the devices facilitate movements 
requiring physical exertion and muscular strength; however, many demand a high level of physical 
competence possibly excluding certain users and in many cases there is often little opporturtity for 
progressive development of physical skills. The COPE shown demonstrate that there has been an 
evolution from TOPE rather than a revolution. 
2.2.1 Categorising existing playground equipment 
Published research on the TOPE is very scarce. To gain a better understanding, Figure 2.3 presents a 
simple chan categorising TOPE based on the types of body movements promoted. Some of the 
equipment could be placed into more than one category but grouping the equipment based on a 
primary category provided a superior overview. Sub categories have been labelled to identify what 
fundamental movement skills they promote i.e. locomotor, non-locomotor and manipulative. 
Locomotor skills involve moving the body from one point to another (walking, running, jumping, 
leaping, hopping and skipping etc). Non-locomotor skills involve body stability and balance (twisting, 
turning, pivoting and performing balancing etc). Manipulative skills involve the control of objects 
using various pans of the body (throwing, passing, striking, catching, kicking and receiving objects). 
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Figure 2.3 : Categorisation of existing playground equipment 
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To begin with the categories are divided into static and dynamic play to differentiate between the 
modes of activities. Static play refers to activities that require very little pbysical exertion focusing 
instead on smaller movements or interaction with peers. Static play is therefore subdivided into two 
categories; equipment that promotes social/sitting interaction (i.e. sandboxes, loudspeakers and 
meeting shelters) and equipment that requires fine motor skills (i.e. activity panels). Static play 
contains the least number of items of playground equipment in comparison to dynamic play. Dynamic 
play refers to activities requiring gross motor skills thus elevated pbysical exertion. It bas been is 
subdivided into two categories; equipment requiring users to lift/support their own body mass and 
equipment that entails the user moving their body mass by means other than climbing or jumping. For 
completeness, equipment requiring users to lift their own body mass is then split into three further 
movement rypes: climbing, jumping and lifting/supporting body mass. Climbing contains the majority 
of equipment with examples including climbing walls, scramble nets and ladders. The jumping 
category contains examples sucb as leap frog, vault and floor marking (encouraging users to imagine 
scenarios where they are required to skip, bound or leap). The lifting/support body weight represents 
equipment such as monkey bars and somersault bars. The largest subcategory, however, involves 
equipment that requires users to move their own body mass which is divided into a further seven 
categories: sliding (e.g. tube slides, fireman 's poles and zip line), swinging/spinning/rocking (e.g. tyre 
swing, spring mount device and merry-go-round), balancing (e.g. chain walk, log walk and rope 
hammock), crawling (e.g. net crawl and tunnel), walking/running (e.g. floor marking), sport skills (e.g. 
skate park, BMX track and sports park) and other (e.g. floor switches and rope pull). 
2.2.2 Electronic play devices 
The influences outside of the playground environment have been investigated in order to gain an 
understanding of popular play devices. For the purposes of this investigation they bave been split into 
two groups: (i) computer/video games and (ii) electronic toys. 
Computer/video gaming, sucb as the Sony Playstation'" 2 shown in Figure 2.4, bas a very high 
participation especially in America where 60% of the total population plays interactive games on a 
regular basis (Interactive Digital Software Association, 2002). 
Figure 2.4: Sony Playstation'" 2 (www.playstation.com) 
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Very little evidence is published as to why users spend such a substantial amount of time playing video 
games often described as 'challenging' and 'addictive' . It is, however, no coincidence as games 
programmers spend considerable time and effort ensuring a progressive level of difficulry with 
continual rewards for improvements in skill. Motivation to continue playing is subsequently based on 
the availability of rewards and the effort required to achieve them (Clark, 2006). 
Interestingly video gaming is becoming more popular with females, they account for 43% of 
video game use. The most frequent American game players are still the under l 8 year a Ids (42%) but 
over 35 year a Ids account for 2 1 %. The top reasons cited for why users like to play games are that they 
are challenging, represent good value for money, relieve stress and are a social activity. The four 
largest markets for computer and video games are the United States, Japan, Canada and the United 
Kingdom. The NPD Group (National Purchase Diary) tracks computer and video game sales in the 
United States. It reports that as of2004: 
• Console/portable software sales were $6.2 billion, up 8% from 2003 (Gamewire.com, 2005) 
• Console/portable hardware and accessory sales were $3.7 billion (Gamewire.com, 2005) 
• PC game sales were $l.1 billion (Gamewire.com, 2005) 
Toys with integrated electronics are, in the main, less expensive than video and computer gaming and 
have become especially popular with younger children. Exposure to a multitude of electronic toys and 
devices such as mobile phones means children are now extremely familiar with technology. A popular 
electronic toy especially with young females is the dance mat (see Figure 2.5). The device uses visual 
commands to direct participants to step on pressure pads in time with music. It is an excellent example 
of a fun activity that requires both coordination and tinning whiJst expending energy. Epstein et al. , 
(2007) identified the potential to prevent or treat childhood obesity by stating that interactive dance 
games take advantage of children's positive experiences with video games and are designed to be 
enjoyable, matching the challenges of the game to the skiUlevel of the child. 
Figure 2.5: Pop idol~ dance mat (www.amazon.co.uk) 
Another command based play device, Bop-it® (Hasbro, Pawtucket, RI , USA) (Figure 2.6), requires 
quick reactions and coordination as random audio instructions direct the user to operate appropriate 
switches witltin a time lintit. Bop-it® extreme n, retailing for an average of $20 (Falco, 2005), has 
become an extremely popular toy, placed at number 20 in NPD's top selling toys based on dollars sold 
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in 2000 (Falco, 2005). Tbe game requires considerable practice to improve upon each score. Promoting 
coordination, fast reflexes and timing the game increases in speed as the time given between 
instruction and switch operation reduces. 
Figure 2.6: Hasbro's Bop-it® Extreme Il (www.playbopit.com) 
2.2-3 Exergaming 
Electronics have been incorporated into exercise equipment for a Dumber of years, ranging from a 
television or monitor wi th internet access to wireless connection between equipment to allow virtual 
competition. The tenn 'infotainment ' is used to define any entertainment that is employed with the 
sole purpose of distracting the user from the exertion levels. An example is that many cunent 
treadmills come with a television integrated. 
'Exergaming' is a term given to electronic/video gaming that requires elevated pby ical 
exertion. Examples of exergaming products available on the market include the arcade dance machine, 
the Cybex Trazer® and the eye toy kinetic (all shown in Figure 2.7). Arcade dance machines can now 
to be found in many public indoor play spaces and as stated earlier, stand-alone or borne video 
consoles versions are extremely popular. The Cybex Trazer® requires a belt to be worn around the 
waist of the user which connects wirelessly to the system to track body movements. Tbe user must 
perform different movements to then progress through the games. The Eye-Toy Kinetic® is similar to 
the Cybex Trazer® although no paraphernalia is needed; instead, a low resolution camera connected to 
the Sony Playstation® tracks body movements. 
(a) Arcade dance macbine 
www.konami.com 
(b) Cybex Trazer'" 
www.cybexintl .comlproductsltrazer 
Figure 2.7: Example of stealth fitness devices 
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(c) Eye-toy Kinetic" 
www.eyetoykinetic.com 
A new era in video consoles arrived on the consumer market in 2006, the Nintendo Wii®. It features an 
integrated accelerometer in the hand controller, allowing linear motion along 3 axes to be sensed, 
including rotation. This enables much more physical interaction with games whereby the controller can 
be used to mimic a ' real life ' action such as a baseball bat swing, tennis racket serve, golf club drive, 
boxing punch or underarm bowling etc. A recent study by Graves et al. , (2007) compared the energy 
expenditure of adolescents when playing active (Nintendo Wii Spons) and sedentary gaming 
(Microsoft XBOX 360). To predict energy expenditure panicipants wore a motion sensing device, 
called IDEEA (Intell igent Device for Energy Expenditure and Activity), on the chest, thighs and feet 
that measured the acceleration and angle of body segments. It was reponed that while active gaming 
did significantly increase energy expenditure over sedentary gaming the exercise was not intense 
enough to contribute towards the recommended amount of dai ly physical activity for children. 
However, the new generation of gaming was viewed to stimulate positive behaviours as participants 
performed basic motor control and fundamental movement skills not evident during sedentary gaming. 
Moreover, it was conceivable that long tenn, persistent, play may have positive effects on the energy 
management of an otherwise sedentary individual. 
As the technology employed to promote exergaming is comparatively new no guidelines has 
been published on the best methods of implementation or the subsequent impacts on user's 
psychological or physiological parameters. However, data published on the intensity required to 
interact with existing devices has shown that this type of technology has the potential to promote 
health enhancing physical activity. 
2.3 Performance requirements 
The following section outlines the objectives required to develop a novel EOPD that meets the primary 
aims of the research subsequently detailing how they are to be achieved through research based design. 
Once defined a product design specification (PDS) was created early in the design process detai ling 
exactly what the EOPD performance requirements were and what regulations must be adhered to. To 
acknowledge inherent design challenges, a discussion highlights exactly what the challenges are likely 
to be and how new concepts strive to overcome them with well thought out solutions or completely 
new ideas. 
2.3.1 Design objectives 
From the literature reviewed the primary research based design objectives for the EOPD are to: 
Maximise energy expenditure whilst reducing perceived exertion extracted from Vang (2006): 
• Boredom and fatigue from exercise is avoided by adding variation in movement pattern 
• Ease of performing exercise is important 
• Utilise movement sequences that avoid repetition of muscle in consecutive motions preferred 
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• Employ movements that activate a high proportion of total muscle mass over a greater range 
of motion 
Maximise enjoyment to increase participation and adherence Whitehead (1993): 
• Try to emphasise individual mastery 
• Promote perceptions of choice 
• Promote intrinsic fun and excitement rather than focusing on extrinsic rewards 
In order to ensure a wide population can play on the EOPD, the secondary design objectives are to 
provide inclusive play opportunities as described in Stoecldin ( 1999) and ' Barbour ( 1999): 
• EOPD must not segregate or stigmatise users 
• Intended function of the design is not to be reduced or lost completely 
• Design must support active experimentation and risk-taking without being unsafe for children 
• Promote social interaction with peers via cooperative and competitive play 
• ' Equipment should promote the motor skill development of children with low physical 
competence 
• 'Important to physically challenge children with high physical competence 
• ' Provide gradual challenges for users to improve their physical competence 
2.3.2 Product design specification 
The PDS sets out the desired targets whi lst listing the necessary constraints. It must not deftne the 
product itself or constrain creative thinking. Acting as a reference document, the PDS helps to direct 
the design activity and represents the speciftcation of what needs to be achieved. It should be a relevant 
and concise quantifying document, using range values (estimated if necessary). The PDS is a helpful 
aid as it communicates information for review and discussion at an early stage to ensure details are 
correct. As the conceptual design stage progresses a greater understanding of the capabi lities of the 
design and speciftc requirements become apparent, consequently the initial PDS is updated or altered. 
The product design specification, outlined below, has been completed in consultation with a major 
playground manufacturer to appreciate the prac tical issues for developing and installing such an 
EOPD. 
2.3.2.1 Aesthetics 
• Look appealing with contemporary, unique or sculptural image. 
• EOPD should invoke excitement, pleasure, addictive play. 
• EOPD should be visually stimulating. 
• Attract children to interact with the EOPD. 
• Look safe, secure and robust. 
• Look easy and intuitive to use. 
• Not appear to be associated with fitness. 
• Not appear gender biased. 
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• Not make obese users feel self conscious. 
• Customisable, i.e. future style can be easily incorporated. 
• EOPD should have an attractive well-ftnished appearance. 
• Unit should convey the statement of being intuitive, any interactive aspects should be clearly 
coloured and formed with relevance to what they do. 
• Where there is an element of danger it should be coloured accordingly. 
2.3 .2.2 Consultation 
• Consult Inclusive Fitness lnitiative organisation. 
• Royal Society for the Prevention of Accidents (ROSPA) and National Playing Fields 
Association (NPF A) could be consulted at key design stages. 
2.3.2.3 Costs 
• Retail price is approximately between £6-20k. 
• Manufacture cost is approximately 40% of retail price. 
• EOPD is to be easily installed minimising costs. 
2.3.2.4 C ustomer 
• Local Authorities. 
• National Parks. 
• Schools. 
• Private children's clubs. 
• Restaurants. 
2.3.2.5 Disposal 
• De-manufacturing of the unit should ensure that all materials can be separated for recycling. 
• Modular components should be re-engineered for resale or spare parts. 
• End of life legislation regarding electronic comments must be followed . 
2.3.2.6 Environ men t 
• The unit must be robust for outdoor use. 
• The unit must withstand corrosion and will be exposed to seawaterlsea spray. 
• The unit is likely to be subjected to vandalism. 
• The unit should withstand extreme weather conditions from - 20 to 60°C. 
• Current planning legislation must be considered for light and noise pollution. 
2.3.2.7 Ergonomics considerations 
• The unit must be comfortable to use. 
• EOPD scaleable for S-1 6 year old Sth to 9Sth percentile anthropometries. 
• EOPD core age is group 12 years, use of Sth to 9S" percentile anthropometries. 
• The design of the unit should be aimed towards whole-body movement. 
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• No shrup edges will be exposed on any part of the unit as a \\hole. 
• Any interactive element on the EOPD must be easy to manipulate for all age groups. 
• User weight range 20 kg to 100 kg. 
• The EOPD must be accessible for all abilities of people i.e. must be Disability Discrimination 
Act (DDA) 2005 compliant 
2.3.2.8 Installation/Packaging/Transportation 
• The unit shonld be easy to package and transport. 
• The unit should be easy to assemble on site, \\here possible assembly should be done in 
house. 
• Packaging should protect the whole unit from shock loading. 
• Assembly and instructions of use should be included in the packaging. 
• Installation to be completed by nominsted professionals only. 
• Disassembly should be possible only by aforementioned professionals. 
2.3.2.9 Life in service 
• Service life of approximately 20,000 hours which is 10 years in service. 
2.3.2.10 Maintenance 
• Modular design to facilitate maintenance or replacement/upgrade parts. 
• Spares to be available. 
• EOPD to be subjected to a yearly inspection. All components must be checked. 
2.3.2.11 Manufacture 
• Design must allow for a manual line of assembly, some in-house, some out on site. 
• It is desirable that no new manufacturing techniques will be used to create any part of the 
EOPD. 
• Standard components will be included where possible. 
2.3.2.12 Materials 
• The unit should be a constructed from protected steel where possible. 
• The materials chosen for the whole unit must be robust enough to endure the wear and tear it 
is likely to be subjected to. 
• The materials chosen for the whole unit must have good UV stability. 
• The materials selected must have good corrosion resistance properties. 
• The materials chosen must not be toxic/poisonous. 
2.3.2.13 Patents 
• Existing patents should not be infringed. 
• Patenting of innovative features or EOPD as a whole will be pursued. 
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2.3.2.14 Political and Social Implications 
• All components for the whole EOPD to be purchased within the EEC where possible. 
• Consideration should be given to the interface language, as it will be exported on an 
internationailevel. 
2.3.2.15 Product life span 
• EOPD should not fail within the first 10 years in service. 
2.3.2.16 Performance 
• The user must find the equipment challenging and fun. 
• EOPD should develop competitiveness, coordination, agility, social, reaction speeds and 
endurance. 
• One or multiple users should be catered for by one unit. 
• There should be 4 or more activities within one unit. 
• The EOPD should be as vandalism resistant as possible. 
• Provide compelling play. 
• Energy expenditure should be maximised during the period of play. 
2.3.2.17 Quantities 
• Initial prototype created to understand game play required. 
• Production quantity will be approximately 30 for the first year. 
2.3.2.18 Safety 
• The unit should have no sharp edges or corners that would cut or damage the user. 
• The unit would benefit from not being slippery when wet. 
• The unit should not fail under normal or reasonably excessive loading. 
• The whole unit should conform to the following relevant British standards. 
BS EN 1176 Playground equipment Parts I -7. 
BS EN 1177 Impact absorbing playground surfacing - safety requirements and test 
methods. 
• Additional ROSPA and NPF A safety requirements must be considered. 
2.3.2.19 Size 
• The unit unassembled unit will be transported via articulated lorry. All 
components/assemblies must fit within the following envelope. 
Component length should not exceed 6000mm. 
Component width should not exceed 2500mm. 
Component depth should not exceed 2000mm. 
The assembled unit must fit into 6000 by 6000 by 3000mm envelope. 
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2.3.2.20 Testing 
• Testing for full operation under required perfonnance parameters. 
• User testing to be camed out on working prototype. 
• Structural calculations should be perfonned on loaded regions of EO PD. 
• Physical testing should be perfonned to ensure the EOPD withstands the proposed forces. 
2.3.2.21 Weight 
• The unit's weight should be kept to minimum for ease of transportation. 
2.3.3 PDS and selection criteria discussion 
Playground equipment is used by a broad population. As such the concept should ideally be scaleable 
for 5-16 year old. For this research the EOPD is specifically aimed at the 5th to 95th percentile 12 year 
old. It is standard design practice to'design for workspaces that encompass the 5th to 95th percentile of 
the appropriate population. The device must provide accessible play for physically less competent 
children, children with physical disabilities and children with hearing and/or visual impairment to play 
alongside others. 
Using the PDS, the main criteria for selecting the most appropriate concept are discussed below. 
• Safety - concepts that reduce the risk of injury will be rated highly against concepts that are' 
inherently more dangerous. The benefits of providing climbing apparatus must be weighted 
up against the extra risk and cost of installing fall height precautions. 
• Strength - concepts with inherently high structural integrity will be rated higher as they 
reduce the possibility of product failure. 
• Visual impact - concepts that create a high visual impact will be rated favourably as they are 
thought to attract a greater number of users to interact with the device. Although concepts 
should be visually strong they must also be befitting of an urban/semi-rural environment. 
• Vandal resistance - concepts that are intrinsically more robust will be rated higher to reduce 
the possibility of vandalism. 
• Maintenance - concepts requiring less maintenance will be rating higher than concepts 
requiring regular maintenance in order to reduce service costs and, more importantly, reduce 
the length of time a playground is unusable. 
• No. of users- concepts allowing a greater number of users to interact with the EOPD at once 
will be rated higher than concepts restricting the number of users. 
• Training benefit - concepts that promote an extensive range of body movements activating a 
proportion of muscle groups will be rated highly. The ability to prolong the duration play will 
also be rated highly. 
• Measurable fitness - concepts that provide feedback on user's general fitness, reaction time, 
agility and skill levels will be favourably rating in comparison to concepts that give minimal 
user profiling. 
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• Reliability - concepts that are fundamentally less likely to fail in service are to be rated more 
highly than concepts prone to breakage or malfunction. 
• Ease of manufacture - concepts that are more easily manufactured are more commercially 
viable, therefore, will be rated higher than the more complex and difficult to manufacture 
concepts. 
• Manufacture cost - manufacture cost is related to the materials used, manufacture methods 
and components selected. Concepts that keep manufacture cost to a minimal whilst still 
offering the required performance parameters will be rated highly. 
• Power source - if an external power source is required, the methods employed to reduce 
power consumption or use alternative environmentally friendly renewable sources will be 
rated favourably. 
• Accessibility - concepts that provide a greater level of accessibility for disabled users will be 
rated highly. For inclusive play the concept must provide for the needs of a wide range of 
children including wheelchair users, visually impaired and hearing impaired as wen as the 
physically less competent users. Providing for a wide range of users without them feeling 
self-conscious or uncomfortable is seen as a positive attribute. 
• Low complexity - it is preferable if a concept offers a comparable play experience but with 
lower complexity. Greater complexity adds to the design effort, manufacturing cost, retail 
cost and reliability. Consequently, concepts should be simplified without impacting on the 
play experience. 
• Commercial viability - the aim of enbancing outdoor play equipment win only be effective if 
the EOPD is available for children to play on. To achieve this, the research can not exist 
without acknowledging the commercial viability. Therefore, designing the EOPD without 
cost, legislation or feasible technologies as a concern win ensure it is not commercially 
viable. 
• Intuitive - although children have grown up using and interacting with electronic devices, the 
interface needs to be straight-forward and intuitive. Concepts that are more instinctive to use 
will be given a greater rating. 
• Social interaction - concepts that incorporate and promote multi-players games, whether 
competitive or cooperative, promote social interaction and so will be rating higher. 
2.4 Conceptual design 
At the conceptual design stage, solutions are generated that progress from initial ideas to wen 
developed design proposals that meet the requirements of the PDS. The stages involved in concept 
generation are as fonows: recognition (identifying the problem), preparation (attempting to solve the 
problem and improve understanding) incubation (reflecting on the problem for a while), illumination 
(the creative insight) and verification (testing the idea). At this early stage no ideas were discounted 
however impractical or obscure. A diverse number of conceptua1isation techniques were used to 
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explore a variety of different solutions. Some of the techniques proved more successful than others, 
however, the act of using the techniques in themselves proved useful. The results from the idea 
generation stage are discussed in the following section. 
2.4.1 Idea generation 
The objective for any playground device is that it should provide an enjoyable play experience. For 
this research the aim is more specific, in that the enjoyable play experience should maxintise energy . 
expenditure whilst minintising perceived exertion. In effect, the concept must effectively stimulate and 
engage children without them focusing on the effort required. 
Following an extensive brainstorm session involving the author (design engineer), Tom Waller 
(product designer), Ross Weir (sports technologist), Mike Caine (exercise physiologist) and Connie 
Yang (mechanical engineer) it was decided to generate concepts based on an interactive electronic 
game. Concepts exploit the idea of 'stealth fitness' in as much as physical exertion is driven by an 
interactive electronic game thus distracting the user from the level of effort required. The most 
inspirational idea was based on a 'Simon Says' or 'Bop-it'" game but on a much larger scale, whereby, 
switch operations are whole-body movements rather than small finger tip controls. Audio commands 
direct users to operate specific switches which incmporate different activities, referred to from this 
point onwards as 'activity switches'. If activated within a predetermined time period then a subsequent 
audio command is given. This continues until failure or a final score is reached. Prolonged play 
requires movements sintilar to shuttle run training or playing games such as squash. A tally of the 
number of activity switches operated is then equal to the user's score and is consequently an estimate 
of the user's ability i.e. speed, coordination, reactions and endurance. The device is envisaged to 
provide dynamic play, stimulated by voice, sound and light commands. Each command requires a 
specific dynamic activity to be completed that combines some of the categories identified in Figure 2.3 
(i.e. locomotor, non-locomotor and manipulative). Opportunity, therefore, exists to enhance user's 
coordination, reaction speed, agility and endurance whilst depending on the mechanical operation of 
the activity switch, muscular strength and power. The concept provides individual play, i.e. users try to 
achieve a personal high score, assisted play, i.e. where a group of friends help each other to achieve a 
high score, and competitive play, i.e. players compete against each other. Potential to control 
participants' interaction with the device is the key innovative step. By altering game settings it is 
envisaged that the level of intensity and duration of play can be controlled and therefore optimised. 
When trying to introduce any innovative device to a public access space the main challenges 
stem from vandalism, wear and the weather. The playground represents an especially harsh 
environment, so with this in mind the technology, interface and structural form requires careful design 
or selection. Possible barriers to developing this concept are the feasibility of integrating electronics in 
a playground environment, ensuring the gameplay/exertion level is set at the right difficulty and 
hamessing the appropriate power source. 
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SolidWorks 2006 (SolidWorks Corporation; Concord MA) was used to generate initial CAD 
concepts. Designing in three dimensions aided visualisation, enabled development of the spatial 
envelope and at a later stage, to develop the detail at a component level. SolidWorks allows parts to be 
. moved in real time and so the actuation of each activity switches could be observed and subsequently 
enhanced. Three different concepts have been designed based upon whole-body interactive play. 
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2.4.2 Concept 1 sculptural 
This concept separates 6 activity switches into both high and low vertical placements. When viewed 
from above, as shown in Figure 2.8(b), the frame fonns an 'S' shape, ensuring the user has to perform 
a large range of whole·body movements. This concept also encourages other activi ties when the game 
is not activated, i.e. climbing on the perimeter frame. 
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(a) Side view (b) Plan view 
Figure 2.8: Concept I sculptural design 
Table 2. I : Overview of design features for concept I 
Overview of design features 
Compact space envelope 
Sculptural design befitting an urban environment 
Simple operation of activity switches 
Does not segregate lowlbigh physical competent users 
Ability to connect several installations 
Extensive range of activity switches requiring different body movements 
Quadrant separated activity switches 
Integrated climbing frame 
Multiple game options (individual, tearn, assisted and tag) 
Design appropriate for visually impaired 
Ease of frame construction 
Fall height requires increased safety precautions 
Requires mains power source 
Maintenance assess to activity switch components 
Non interchangeable design of activity switches mounts 
Expense of installing floor mounted activity switch 
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2.4.3 Concept 2 modular 
Similar to concept I. this design incorporates a large number of activity switches requiring a range of 
whole-body movements in order to progress through the game. The concept differs from the previous, 
in that activity switch mounts allow for modular construction in a similar manner to scaffolding 
building equipment. This modularity enables numerous frame configurations and activity switch 
placement. Speakers are located within vandal proof sections along the frame. 
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Figure 2.9: Concept 2 modular design 
Table 2.2: Overview of design features for concept 2 
Overview of design features 
High visual impact 
Simple operation of activity switches 
Does not segregate low/higb physical competent users 
A single zone can be contained in a small area 
Ability to connect several zones 
Ability to expand installation 
Array of different activity switches 
Does not promote climbing reducing faU height safety requirements 
Modular mount housing activity switches 
Solar powered 
Solar panel maintenance 
High visual impact may be out o f place in some surroundings 
Expense of installing floor mounted activity switch 
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2.4.4 Concept 3 timber frame 
This concept, generated by Young (2005) as pan of an M.Sc. Engineering Design project, uti lises 
timber materials for the structural uprights and play panels. The play panels incorporate several 
different activity switches specifically designed to replicate resistance traiIllng exercises. A solar panel 
is mounted on top of the timber frame. 
+ve I -ve 
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Figure 2.10: Concept 3 timber frame design (Young, 2005) 
Table 2.3: Overview of design features for concept 3 
Overview of design features 
Low visual impact better suited to certain environments 
Resistance training based activity switches 
Extensive range of different exercises 
Low floor space required for installation 
Ability to expanding installation 
No fa ll height requirements 
Solar powered 
Solar panel maintenance 
Exposure of solar panel to possible vandalism 
Low visual impact may not attract children 
Design not appropriate for visually impaired 
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2.4.5 Selection & evaluation techniques 
A single concept needs to be selected from the three devised. The election of the most suitable 
concept is determined by comparing the design criteria (outlined in section 2.3. 1) against all three 
concepts. A popular piece of COPE from Kompan's Galaxy range (Figure 2.11 ) has been cbosen as the 
darum to which the concepts will be directly compared. Matrix comparison method is from 'Total 
Design ' by Pugh (1 99 1). It provides an excellent means of evaluating the strengths and weaknesses of 
all the concepts in an uncomplicated and transparent manner. 
~------
Datum (Kompan Galaxy) Concept I Concept 2 Concept 3 
Figure 2. 11: Images of concepts undergoing the selection process 
T bl 2 4 S I th hr d a e . . e ectlOo matnx companng .e t ee concepts agamst a atum 
~t Criteria Datum Concept I Concept 2 Concept 3 
Safety • S + + 
Strength • S S -
Visual impact • + + 
-
Vandal resistance • S S -
Maintenance • - - -
No. of users D S S S 
Training benefit A + + + 
Measurable fitness T + + + 
Reliabil ity U - - -
Ease of manufacture M S S + 
Manufacture cost • - - -
Power source • - + -
Accessibility • + + + 
Low complexity • - -
Commercial viability • - + -
lntuitive • + + -
Social interaction • + + + 
H - 6 9 6 
~ - - 6 4 9 
~S - 5 4 2 
Symbols: + 'better than' - 'worse than' S 'same as' 
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2.4.6 Decision making process 
Earlier in the chapter the selection criteria were outlined and discussed in detail (section 2.3. l). These 
criteria has been used to rate eacb concept as shown in Table 2.4. The selection process is central to the 
design direction and realisation of the EOPD. Results from the selection matrix show that concept 2 
satisfies the criteria more fully than the rest. All concepts appear quite similar but tlle subt le 
differences significantly impact on the mode of play. Concept I benefits from a pleasing aesthetic form 
taking influence from urban architecture to give it a sculptural look. The addition of climbing 
apparatus increases the modes of play but the benefits are offset by the increased risk of injury and cost 
of installing safety surfacing. The main benefit of concept 2 is the modularity which uses a single 
mount design to position all the activity switches anywhere along the tubular frame. Concept 3 
incorporates activity switches that replicate and promote specific res istance training movements which 
could be viewed, by some children, as too closely resembling a fitness device rather than a play device. 
When compared against all the criteria, concept 2 offers the most benefits over COPE and fulfil s the 
criteria bener than the other two concepts. Therefore, the other concepts will be abandoned and 
concept 2 taken through the design development process. 
2.5 Embodiment design 
To develop a concept into a feasib le design, embodiment design is required. As concept 2 was 
selected, it must undergo further development. This design phase explores the concept in greater depth, 
focusing more on practical issues and suitable components. 
Mount design 
The modular concept utilises the same mount to position the activity switches along the frame. The 
benefits of using the same mount design to bouse all of the activity switches and internal components 
are reduced design time, manufacture cost and assembly time. Tbe mount has also been conceptualised 
so that eacb balf of the mount is identical, both internally and externally, reducing cost sti ll further. 
Tbe interior of the mount includes two housings for bearings positioned to support rotating circular 
sbafts. LEDs are included so that, in addition to audio commands, visual cues direct users to the correct 
activity switch. The two mount sections bolt together to clamp on the tubular frame . 
Activity switches 
Tbe design for the EOPD is based on the idea that users must activate numerous unique activity 
switches requiring different body movements. Considerable time and effort was spent conceiving and 
embodying a substantial number of activity switches and as a result all have been categorised into 
different types, presented in Figure 2.1 2. The categories are based on three types of mechanical 
movement, ro tational, two degree of freedom and linear motion (subdivided into push and pull action). 
Each category then has two subcategories; activity switches that require gross or fine movements. A 
list of each activity switch is then presented in terms of a descriptive word. 
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Rotational 
Gross Movements Fine Movements 
~ 
ey,'" 
E"""",. 
enon" 
s""' 
~ 
Tum 
Thrr111e 
Pull 
I 
Gross Movements 
~ 
J""f> 
Climb 
s"'" 
step 
Gable 
Rope 
-DualPvH 
Yanl< 
Types of Activity Switches 
I 
Linear Motion 
I 
Push 
I 
Fine Movements Gross Movements Fine Movements 
~ ~ ~ 
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Figure 2. 12: Activity switch categories based on mechanics & gross/fine movements 
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2.5.1 Objectives ofthe electronic outdoor play device prototype 
Tbe design process has identified specific objectives for the EOPD prototype development. They are 
summarised as follows : 
• Investigate appropriate spatial layout 
• Develop a simple and intuitive single-player game 
• Identify games settings that affect the mode of play 
• Record physiological effort required to play 
• Maximise by progressively increasing the game intensity 
• Investigate how placement of switches affec ts the game 
• Maximise large muscle group activation 
2.5.2 Conclusions 
The ' total design' methodology fo llowed during the development of an EOPD has enabled a thorough 
understanding of what needed to be accomplished (the investigation stage). the performance 
requirements (the PDS). the various ways in which it could be accomplished (conceptual design stage). 
selection of the most suitable concept (comparison matrix) and ultimately. development from concept 
to embodiment (detail design) . Subsequently. a new concept has been conceived that is thought to offer 
significant benefits over TOPE and COPE while attracting an 'electronic savvy' user group currently 
pursuing sedentary pastimes. The concept must now undergo proof of principle testing in order to 
demonstrate that the underlying principles are indeed valid. 
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Chapter 3 
Proof of principle 
A Proof of Principle Rig (poP-Rig) was designed and manufactured to test the concept of whole-body 
command driven play. The following chapter begins by defining the need for such a device before 
outlining the steps taken during the development and validation process. Detail is provided on the PoP-
Rig design, with particular reference to the spatial envelope and positioning of activity switches to 
maximising energy expenditure. Anention is focused on the development of the control software and 
game parameters that influence the mode and intensity of play. Experimentation was conducted and 
appropriate measurements taken to verify the game and physiological intensity. Results ltighlighted the 
value of constructing a PoP-Rig at such an early stage in the design process wltilst the conclusion 
outlines the recommendations for further development. 
3.1 Need for PoP-Rig 
The concept design stage generated a unique idea. To turn this idea into reality, a simple yet functional 
prototype was required. The investigation stage established that simple electronic hand held devices 
are extremely popular amongst children aged 8 to l2 years, users describing the gameplay as both 
enjoyable and 'addictive '. Very linle, however, is known about developing whole-body electronic 
devices based around a similar game format. For tltis reason, a PoP-Rig that instructs users to perfo rm 
dynamic movements was expected to demonstrate how participants interacted with such a device and 
to what extent they were willing to physically exert themselves. To gain a robust understanding of the 
intensity levels, heart rates (HR) of all participants were monitored during the test sessions. 
3.1.1 Participants 
Testing was conducted wi th 5 healthy adult participants ranging from 22 to 3 1 years old (mean age of 
26 years). After receiving written consent from all participants, each was informed that they were free 
to withdraw at any point. All were instructed to refrain from vigorous exercise or consume food 2 
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hours prior to the test. None of the participants bad a recent history of illness or injuries; all were 
regularly partaking in recreational exercise. It was anticipated that it would prove more beneficial to 
use adults rather than children in the early stages of the electronic outdoor play device (EOPD) 
development as alterations could be carried effectively and efficiently wi thout having to closely 
supervise young participants. 
3.2 PoP-Rig 
The embodiment of the PoP-Rig consisted of 5 easily repositioned switches attached to an adjustable 
frame. This freedom of movement was important as it allowed considerable fine-tuning to ensure a 
comprehensive array of dynamic body movements. The basic frame design and build was completed 
by Mark Spencer (design engineer, Playdale Playgrounds Ltd, Cumbria), following detailed 
consultation with the author. 
3.2.1 Design of the PoP-Rig frame 
The design aim for the PoP-Rig frame was that it should be easily adjustable to provide varying 
vertical and horizontal distances. Design was conducted using SolidWorks 2006 (SolidWorks 
Corporation; Concord MA) to ensure that the space envelope was suitable for a 5'h to 95"' percentile 
adult. The PoP-Rig consisted of 14 tubular mild steel sections (25mm x 25mm x 2.5mm), 1000mm in 
length with holes drilled at 150mm intervals for adjustment. Once constructed, the PoP-Rig comprised 
of two perpendicular archways, attached in the centre of the upper section as shown in Figure 3.1. For 
stability, feet made from thin square plates slotted into the base uprights and to modify the width of the 
PoP-Rig the top section angles adjusted from 90° to 180°. It is important to note that the maxinnum 
width was dependant upon height the required. 
,-...--4:'--
} 135' J I IO' 
j--
2.4 III 2. 1 III 
2 ,2 tU 
j 
2.7 111 
Figure 3. 1: Cad images of PoP-Rig with the frame positioned at different heights 
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3.2.2 Spatial envelope of PoP-Rig 
Placement of the 5 switches dictates the physical movement patterns of participants. Each switch 
attached to the frame was positioned at a different height to guarantee participants had to perform 
diverse movements over a range of distances. The 5 switches were aU given unique names and labelled 
so participants could easily identify them. The positions of the switches used during the 
experimentation are shown in Figure 3.2. Their position and coordinates, in metres, with respect to the 
centre of the PoP-Rig (x, Y. z) were as follows: low ~ ' Push' (1.1 , 0.5, 0), mid ~ 'Bash' (-1.1, 1.1, 0), 
mid ~ 'Spin' (0, 1.6, -1.1 ), high ~ 'Jump' (0, 1.2, 0.7) and high ~ 'Wobble' (0, 2.4, 0). These 
coordinates were used to calculate the time adjustments (explained in Section 3.2.4). 
Wobble 
Bash 
2.4 III 1.6111 
1.2 III 
Uoo 
.. 
Pwb 
O.Sm 
1.6m : .T I 
1.5 ill 
Figure 3.2: Cad image of PoP-Rig showing positioning of switches. 
During the game, if all switches combinations were activated the user would have had to perform at 
least 25 different movements. The following movement patterns occur: 4 times ~ high-high, high-mid, 
mid-high & mid-mid; 2 times ~ high-Iow, mid-Iow, low-high, low-mid; and I time ~ Iow-Iow. 
3.2.3 Hardware 
The only interaction users have with the EOPD is via the push switches which communicate with the 
control system to signal when they have been activated. For this initial prototype, push switches the 
size of an adult thumbprint were used. The control system consisted of the fo llowing components: a 
9V battery, control board, RS232 cable, connection block and wiring loom. Seven connections were 
taken from the control board: 1 for neutral, I for posi tive and the remaining 5 were specific to each 
switch. 
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3.2.4 Software 
The following section details the three main elements of the PoP-Rig software: game type, audio media 
and control software. 
Game type describes the mode of play. The mode chosen to focus this research on is based on 
command driven play. The command in this case refers to an audio and/or visual instruction which 
corresponds to a particular activity switch. This activity switch must be then actuated within a 
predetermined period in order to continue, where upon, a further command is issued. After a certain 
number of hits, the predetermined time decreases, increasing the speed of the game and subsequently 
the effort level required from the participant. 
Audio media refers to the music, voice and sound effects files. As expressed in earlier Chapters, using 
audio as a stimulus can reduce the perceptions of exertion by distracting the user from concentrating on 
the effort levels required. The audio incorporated into the EOPD is, therefore, thought to contribute 
greatly to the overall play experience and subsequent enjoyment levels and for these reasons it forms a 
large portion of the background development. The voice files need to be clear and unambiguous so 
instructions can be easily understood. A unique sound effect was associated with each switch so that 
whenever a switch was actuated the associated sound was always played. lfthe game records a fail, i.e. 
the correct switch was not actuated or the correct switch was actuated but not within the predetermined 
time, an associated sound effect was always played. 
Control software describes the game architecture of the EOPD. The game architecture for the POP-Rig 
was programmed in Visual Basic 6.0 (Microsoft Corporation; Redmond W A). Control software 
communicates with the control board to detect whether a correct switch has been activated within the 
specific predetermine time period. The game parameters, given below, are stored within the controls 
software to give structure and constraints to the game type: 
• Number of lives - number of fails allowed per game 
• Command time - period of time given from command to actuation of activity switch 
• Time reduction - amount of time subtracted from command time after a predetermined 
number of actuations 
• Hits - number of correct consecutive actuated switches 
• Hits reduction - number of actuations before time reduction is subtracted from command time 
Figure 3.3 shows the basic flow diagram of the PoP-Rig game. Fine detail has been omitted to aid 
clarity and to illustrate the fundamental approach taken during programming. 
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Figure 3.3: Basic flow diagram of game play 
The PoP-Rig software displayed the hits, command time and user reaction time in real time and 
allowed access to the advanced settings. Contained within the advanced setting are the time 
adjustments. The time adjustment is the addition or subtraction of a time period to the command time 
which is calculated by the distance a user has to travel to activate different sequences of switches. They 
have been calculated by finding the mean distance between switches and then calculating how far each 
switch combination is away from that, converting the distance in centimetres to milliseconds. A direct 
one-to-one relationship provided an acceptable starting point as the exact relationship was unknown. 
Game variables are command time and time reduction. After preliminary evaluation it was decided to 
set the command time to 2500 milliseconds (2.5sec) and the time reduction to 10 milliseconds. lbis 
was thought to provide a quick paced, high intensity game. The time reduction of 10 milliseconds 
provided an increase in tempo so that as the game becomes more challenging, quicker reactions and 
faster body movements are requiring. Further experimentation will focus on these variables by 
analysing user physiological and psychological feedback to quantify the different responses. 
3.3 . Experimentation 
A total of 5 sessions were conducted on the POP-Rig. Similar to the protocol used by Tan et al., (2002), 
to measure the exertion levels required to play on a dance simulation game, participants were given a 
single 10 minute session to try to accumulate their highest number of hits and given no restriction on 
the number of games they could initiate. The experimentation was conducted indoors with all 
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participants present throughout Parameters were reset after each session to ensure reliable retest 
conditions. HR was measured using a Polar 625x monitor (polar Electro, Oy, Finland). 
3.3.1 Experimentation protocol 
Participants wore a HR transmitter belt and wrist worn receiver. HR was checked before the start of 
sessions to ensure data was being received correctly. Each participant was given a practice trial in 
order to familiarise themselves with the audio commands and placement of switches. Participants were 
told that for the actual session all hits would be recorded, in which time they should try to achieve their 
highest performance and could start as many games as they liked. A count down to the start of the 
session was given during which they were asked to start data acquisition on the HR wrist watch. The 
following measurements were recorded during the session: 
• Game number - the number of games completed in the 10 minute session 
• Hits - the number of hits achieved for each game 
• Failure switch - the switch the user failed to 'hit' or 'hit' incorrectly, terminating the game 
• Time - the length of time each game lasts and the accumulated time 
• Heart rate - recorded continuously at 5 second intervals in beats·min-' 
3.3.2 Results 
A synopsis of the data gained for each participant is presented in Appendix B. The sessions were video 
taped and reviewed to verify the results. An overview of the results is shown in the Table 3.1: 
Table 3.1: Mean and standard deviation for PoP-Rig experimentation 
Overview of Results Mean S.D. 
Total hits 215 18 
Hits per game 14 2 
Number of games in 600s 16 2 
Game period (sec) 39 4 
Highest hits 33 9 
Highest game period (sec) 79 20 
HR.- (beats·miti') II9 13 
HR"", (beats·min-') 140 I3 
Highest hits per game 47 
Game period for highest hits (sec) 110 
Maximum HR recorded (beats 'min-') 163 
To illustrate the intensity and associated game performance a graph for participant 1, given in 
Appendix B, plots game hits with HR. User's hits from all games were correlated to HR to give an 
indication as to how increased game intensity reflects increases in HR. Table 3.2 gives an overview of 
the derived values. 
49 
Table 3.2: Correlation values for HR and number of hits for PoP-Rig experimentation 
Correlations R'value 
Highest correlation coefficient 0.81 
Lowest correlation coefficient 0.34 
Mean correlation coefficient 0.58 
Figure 3.4 presents the number of fai lures recorded for each switch. The results, ranging from 13 to 19 
fails, were similar for each switch except for one. This particular switch ('Push') was mounted the 
lowest, only 0.5 m from ground level, suggesting that the time required to move into a position to 
reach this switch was greater than for any of the other switches. 
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Figure 3.4: Graph comparing the number of failures from each specific switch 
Discussion 
Each participant accumulated a mean of 16 games in the 10 minute test session with a mean number of 
hits per game of 14. This represents a very high number of games with a low number of hits, denoting 
a high turnover of games. As the mean game period was only 39 seconds, game parameters need to be 
changed in order to increase game period. The highest number of hits recorded was 47, lasting 110 
seconds. The mean high hits for the group was 33 with games lasting a mean of 79 seconds. In general, 
game hits correlates with HR. The values attained show, as expected, when hits increases, game 
intensity increases, resulting in an increase in participants' HR. The highest correlation (R') when 
comparing high hits with HR is R2~0. 8 1 , the lowest being R'~0.34 with a mean value of R'~0.58 . 
HR"",," for all sessions was 11 9 beats'min-' , with the mean HR= of 140 beats·min-' . For adults, 
moderate imensity HR range is defmed as 55-69% of maximum while hard intensity is between 70-
89% (American College of Sports Medicine, 2000). Using the predicted maximum HRs values for 
each individual (i.e. 220 minus age), HR""", corresponds to 61 % of maximum and is classified as 
moderate intensity exercise while HRnw: corresponds to 72% of predicted maximum and is categorised 
as hard intensity. 
During the sessions a significant rise in HR was universally seen suggesting that the EOPD 
promotes the desired effect of health-enhancing physical activity. The eventual aim of the EOPD is, 
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however, more subtle by further maximising energy expenditure and levels of enjoyment whilst 
reducing perceived exertion. To measure the effect of altering the game parameters on enjoyment 
levels, future experimentation will manipulate intensity and length of games in order to generate a 
response in exertion levels. From these sessions the psychological and physiological responses to 
different game settings can be found with the ultimate aim of incorporating optimum game setting in 
the fmal EOPD. 
3.3.4 Feedback 
Immediately after the sessions participants were asked what their first impressions of the PoP-Rig were 
and if they had any suggestions that might improve the EOPD. Some of more insightful comments that 
will be taken into account for future development are summarised below: 
• "The small switches were difficult to hit as the game speeded up" 
• ''My long reach and height meant that I could reach all of the switches easily so I didn't have 
move from the centre position" 
• "Really enjoyed it and I didn't realise how hard I was working until it was over" 
• "Towards the end of the longer games I was getting quite tired and out of breath" 
• "It was amusing seeing everyone panicking trying to hit the right switches as the game speeds 
up" 
• "If there is too much background noise it might be difficult to hear the commands" 
3.3.5 Observations 
It was noted during the testing sessions that the spatial envelope of the PoP-Rig was too compact. As a 
result users were not required to move from the central position enough. Only the high and low 
. switches needed significant effort unlike the mid switches which required far less movement. Activity 
switch positioning for the EOPD will need to be scaled for children aged 12 years old but in its current 
form for adults it did not promote a full range of motion. As expected, to reach the lowest switch 
required the fastest reaction time, highlighted by the fact that most participants failed on this switch. 
There was an inevitable learning curve during the practice game and the initial games of the session. 
This learning curve had several effects on users, such as annoyance if a switch was missed, to pleasure 
when their reactions improved, and in some instances, humour for a completely wrong attempt. Once a 
game had been failed a small recovery period ensued, the duration of which was depended on the 
length of the previous game, before commencing a new game, i.e. if a participant recorded a high of 
hits then the self-selected recovery period taken would be greater than after a low number of hits. 
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3.4 Conclusions 
The preliminary testing conducted on the PoP-Rig provided a substantial amount of information 
regarding the levels of intensity required to participate in the game. Feedback gained from using 
experienced researchers and designers proved very constructive, some of which is highlighted in 
recommendations for development. The data illustrated that there was a correlation between HR and 
game hits indicating that as the game speeded up users were required to increase their intensity. The 
highest correlation coefficient between HR and game hits occurred during test 3 (R2=O.81). It was 
observed that this participant had a far more energetic style as opposed to some of the other 
participants. Games did not last for as long as expected, only 39s and so for future experimentation a 
greater Command time interval will be implemented to create a slower start to the game and 
subsequently prolong the game. The experimentation on the PoP-Rig has provided an excellent insight 
into the concept of whole-body, command driven, play and has demonstrates that the principles are 
indeed legitimate. 
There were a number of limitations to the experimentation performed. The switches used on 
this PoP-Rig were too small requiring a higher level of precision than would be necessary to actuate 
activity switches. Many users commented that the smaIl switches slowed their speed of movement and 
so incorporating larger activity switches should eliminate the problem. While the use of adult 
participants proved extremely useful, further experimentation is required with appropriately aged 
children. 
To progress the research a more advance prototype was required. Effort was refocused in the 
following areas: 
• Increase horizontal spatial envelope to increase energy expenditure 
• Position activity switches to provide greater whole-body movements 
• Develop suitable framework and switches 
• Increase duration of games 
• Allow for a greater learning curve 
• Data acquisition of game performance 
• Audio and visual eubancements 
Specific game parameter recommendations for the main test rig were: 
• Increasing the command time is predicted to increase the period of a typical game 
• Increasing the time adjustments for switches mounted in positions requiring considerably 
more time than others 
• Reducing the time reduction reduces the speed progression during a game thus the level of 
difficulty is lowered possibly increasing the number of game hits 
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Chapter 4 
Main test rig development 
An advanced prototype was constructed based on the principles outlined in the previous chapter which 
focused on validating the principle of whole-body command driven play by developing and testing a 
basic working prototype. To develop a more advanced prototype, greater research emphasis was placed 
on defining the location of activity switches for children with the specific aim of maximising energy 
expenditure by increasing muscle activation and horizontal distance between activity switches. This 
·chapter details the development of such a device, termed the main test rig (MTR), beginning with 
defining the need and subsequently defining the location, type and number of activity switches. 
Specific muscle groups activated during typical user movements have been identified to ensure a 
whole-body wolkout is achieved during a single game. Once the position of activity switches had been 
identified embodiment of a frame design commenced. Finally, manufacture and assembly of the MTR 
was completed in preparation for the experimentation. 
4.1 Need for MTR 
In contrast to the Proof of Principle Rig (poP-Rig), the MTR has been developed specifically for a core 
user group of 12 year old children. It is around this age tbat lack of physical activity is a contributor to 
excessive weight gain (patrick et al., 2004). Development of the MTR is driven by the 
recommendations outlined as a result of the PoP-Rig trials. Extensive experimentation is then to be 
cooducted to confirm the suitability of the spatial envelope and to optimise game parameters. Once the 
placement of activity switches had been specified, different frame design concepts were conceived. 
The most suitable frame design was then selected, by means of a comparison matrix, for manufacture. 
The single factor most likely to influence exercise participation and adherence is the intrinsic 
enjoyment experienced. Therefore both software and device features are to be optimised in order to 
increase enjoyment levels. Furthermore, the EOPD is to be programmed such tbat the physical activity 
is rewarded by providing feedback based an individual's competence, mainly in the form of a score 
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and increased tempo of game music. According to Biddle (1999), intrinsic motivation is enhanced if 
people understand how to produce desired outcomes consequently interacting with the device should 
result in positive rewards. Unlike many other sports or physical activities, the EOPD strives to promote 
participation that is free of constraints and external pressure, which Biddle (1999) cites as possible 
methods for enhancing adherence. Epstein et al., (1996) believes that adherence is enhanced if 
interventions increase the reinforcing value of exercise. The EOPD provides instant feedback via 
score, and so, if users become aware of any performs improvements by means of increased 
familiarisation, reaction speed or endurance then this will be reflected with a higher score. The EOPD 
strives to create appealing and fun games whilst simultaneously providing physical activity that 
challenges users. Experimentation is to be conducted to optimise the challenge by matching the 
difficulty level to the children's capabilities. Successful proficiency of skills means children will exert 
the necessary effort and persist to attain goals (Weiss, 1991). Games that remain too difficult, even 
after persistent effort, will invoke anxiety and frustration. 
Later versions or updates of the EOPD will provide a greater range of games, increasing the 
choice, which Thompson & Wankel, (1980) believes is a factor towards increasing adherence and the 
addition of multi-player games is envisaged to promote exercise with peers resulting in eve~ greater 
adherence and more positive attitudes towards exercise (Heinzelman & Bagley, 1970; Massie & 
Shephard, 1971). The goal for the design and optimisation of the EOPD is to provide play with high 
action, high scoring, high personal involvement, close games, and opportunities to socialise that will, 
according to Coakley, (1993), ultimately elevate enjoyment 
4.2 Activity switches 
Positioning activity switches requires careful consideration as it is an important aspect to the design of 
the EOPD. The positions influence the. speed of the game and nser's body movements therefore 
affecting the muscle groups recruited and subsequent energy expenditure. This section follows the 
decision making process, stating the rationale behind the fmallayout Details presented in this section 
are specific to the core user group, i.e. male/female 12 year old, but if required the dimensions can be 
scaled to suit other ages. 
The height of the user is the most influential factor when defining who is able to fully interact 
with the device. It is important to consider that the rate of growth varies during childhood as the timing 
of growth spurts differs between individuals and with gender. Typically main growth spurts occur 
between 9 and 14 years for girls and 11 and 16 years for boys (pheasant, 1996). Differences in the 
timing of the adolescent growth spurt mean that girls are often taller than boys around adolescence. 
After about 13 years old, the anthropometric differences between the sexes become more pronounced 
(Pheasant, 1996). 
It has been determined that the activity switches should be placed at three discrete heights. 
Therefore, placements have been separated into three zones, low, mid and high, ensuring users perform 
54 
a wide variety of whole-body movements. Specific values and explanation for each height are given in 
the following Table 4.1. 
Placement 
Low 
Mid 
High 
Table 4.1: Recommended heights for activity switches 
Vertical (mm) Reasoning Reference 
400 
950 
1900 
Accessible reach for 9-12 year wheelchair user. 
Elbow height of mean 12 year old. 
Accessible reach for 9-12 year wheelchair user. 
Overhead reach to grip + 
5'" percentile 12 year old female vertical jump. 
US Board, 2005 
Norris & Wilson, 1995 
US Board, 2005 
Norris & WiIson, 1995 
The decision making process for each placement is detailed in the following sections. 
4.2.1 Low placement 
To fulfil the objective of providing inclusive play, a large proportion of the activity switches need to be 
accessible and activated by a wide proportion of users. An activity switch placed at a low height 
ideally needs be easily activated by a 12 year old wheelchair user, ensuring that other users have to 
perform movements that promote high levels of flexibility. Guidelines produced for 'Americans with 
Disabilities Act (ADA)' outlining the guidelines for accessible play areas (US Board, 2005) provide 
information on the recommended side reach and forward reach of a wheelchair user (Figure 
4.1). These reach ranges are designated regions of space into which a person seated in a wheelchair can 
reasonably extend their arm or hand to touch, manipulate, move, or interact with an object. The 
specific distances for forward and side reach ranges are given in Table 4.2. 
Side Reach Forward Reach 
High Reach .... __ 
High Reach 
Low Reach ....... Low Reach 
Figure 4.1: Wheelchair side & forward reach (US Board, 2005) 
Table 4.2: Reach distances from ground for wheelchair uses (US Board, 2005) 
Age (yrs) Vertical distance from ground (mm) 
3-4 
5-8 
9 - 12 
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500- 915 
460 - 1015 
400-1115 
The lowest height, from the ground level, that a 9-12 year old wheelchair user can reach is 400mm. 
Therefore, this is used as the height for the low activity switch. The benefit of placing the activity 
switch at 400mm from ground level means that able bodied users perform a lunge or squat type 
exercise activating a large proportion of the muscular system. 
4.2.2 Mid placement 
Pushing and pulling actions are generally performed most easily at between shoulder height and below 
elbow height Further, it has been shown that the optimum level is 70 to 80% of shoulder height which 
equates to a little below elbow height (Norris & Wilson, 1995). It is recommended that horizontal 
handles should be at this height but vertical handles are often a better solution as they allow the user to 
find their own comfortable height. Mid placement of the activity switch is subsequently determined by 
the height from ground level of a 50th percentile 12 year old child's elbow, a distance of 935mm 
(Norris & Wilson, 1995). The method of measurement is illustrated in Figure 42 and for the purposes 
of the EOPD a range of between 935mm and 950mm is acceptable due to mounting considerations and 
possible frame layouts. 
935mm 
Figure 4.2: Height of elbow from ground of mean 12 year old (Norris & Wilson, 1995) 
To provide high levels of inclusive play, the mid height placement of the activity switch must also be 
within reach of a 12 year old wheelchair user. The highest reach of a 9,12 year old wheelchair user is 
1115mm and so the mid placement of950mm is within easily reach. 
4.2.3 High placement 
To maximise the proportion of the muscular system activated it is intended that the high placement of 
the activity switch is such that the user must jump or fully extend their reach. Positioning of the high 
activity switch is important as it is the main determinate of the typical age able to play on the EOPD. 
The height of a 5th percentile 12 year old female was used to determine the lowest acceptable height. 
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To calculate the placement, the overhead reach to grip (Figure 4.3) plus jump height (Le. additional 
height attained by jumping) gives the total vertical height. Table 4.3 gives the specific values for each 
relevant age group. 
Table 4.3: Age related data for high placement of activity switch (Norris & Wilson, 1995) 
Age (yrs) Sex %ile Overhead reach %ile Meanjump Total 
to grip (mm) (mm) (mm) 
12 
10 
12 
f 5th 
m&f 50th 
f 95 th 
1650 
1693 
2020 
50th 
50th 
NA 
313 
293 
NA. 
Figure 4.3: Overhead reach to grip (Norris & Wilson, 1995) 
1963 
1986 
2020 
Overhead reach grip data for a 12 year old female (5th percentile is 1650mm) plus the jump height (5th 
percentile is 313mm) suggests that the activity switch be placed 1963mm from ground level. The jump 
data used, however, refers to the 50th percentile so it was deemed beneficial to reduce the overall 
height slightly to accommodate a 5th percentile, and as a result the proposed height is 1900mm. A 12 
year old, 95th percentile male, can reach the activity switch when fully extended, whereas a 12 year old 
mean male or female would have to jump 160mm. The advantage of placing the activity switch at 
1900mm is that it will not pose a head impact risk for a 95th 18 year old male whilst a 50th percentile 
10 year old male or female can also activate the activity switch. A disadvantage is that wheelchair 
users will not be able to reach the activity switch, however, by employing intelligent programming or 
selecting a specific game type, the requirement to activate the high activity switch can be deactivated. 
4.2.4 Horizontal distance 
Horizontal distances between activity switches have an important influence on the amount of energy 
expended. To maximise levels of energy expenditure, horizontal distance needs to be such that it is not 
excessive, thereby prematurely fatiguing users possibly reducing their enjoyment, but sufficient to 
adequately raise exertion levels to ensure an appropriate stimulus. 
Step length increases with age and increased leg length as young children gradually use more of 
the available hip flexion range to take longer steps. Increase in step length produces an increase in the 
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percentage of the gait cycle spent in single limb stance (Sutherland et al., 1988). Mean step lengths and 
standard deviations at three seif-selected walking speeds for cbildreo, aged between 7-11 years, and 
adolescents, aged between 12-18 years, are given in Table 4.4. 
Table 4.4: Step length & walking stride length of children (Schuyler et al., 2000) 
A e (s) Sex Step length (mm) 
g yr Slow pace S.D. Nonnal pace S.D. Fast pace S.D. 
7-11 m & f 480 70 540 60 620 50 
12-18 m & f 600 70 670 60 780 70 
Experimentation conducted on the PoP-Rig highlighted a need to increase the number of steps taken 
between switches, hence the horizontal distance, as some individuals did not have to move from a 
central position. It has been determined that the maximum horizontal distance from the furthest spaced 
activity switch should be no more than 6m, as a 12 year old step length is 0.6m (slow walking pace) 
meaning that the user would have to complete 10 full strides. This value represents approximately one 
third of the traditional 20m multi-stage fitness test, more commouly known as the bleep test. Any 
greater distance could be considered too excessive, reducing the enjoyment of the game as it would be 
perceived as shuttle run training. The minimum horizontal distance between activity switches is to be 
3.8m, approximately one fifth of the 20m multi-stage fitness test, so that the minimum number of steps 
taken would be approximately 6. This is envisaged to provide sufficient distance for accelerating and 
decelerating movements whilst significantly raising exertion levels. 
4.2.5 Quantities of activity switches 
The EOPD should contain an equal number oflow, mid and high activity switches to create a balanced 
'workout' session, not excessively favouring one specific exercise. This means the total number of 
activity switches has to be a mUltiple of 3, however, no specific evidence has been found to indicate 
what would be the most appropriate quantity of switches. Investigating other popular play devices 
found that the number of switches ranges from 4 to 8 for dance mats, 8 plus a direction sticks for a 
Playstation® controller, 4 for the 'Simon Says' electronic toy and 5 for Bop-it". It is proposed that the 
EOPD should contain at least 6 and no more than 9 activity switches with each promoting different 
motor control skills. As found during the PoP-Rig, less than 6 does not provide an expansive work 
envelope, whereas more than 9, may confuse or unnecessarily increase the learning curve. 
Incorporating 6 or 9 activity switches is thought to provide a spatial envelope requiring a complex 
array of movements thus maximising a user's range of motion. These movement patterns consist of 3 
different reach heights necessitating the user to use both, left and right, sides of the body. 
Placement of the activity switches is to be spilt as follows: 1/3 low, 1/3 mid & 1/3 high. These 
proportions should be retained if scaling for different age groups. The combined two thirds for both 
low and high placements are thought to provide significant levels of exertion as the user must travel 
across a large vertical and horizontal distance. The mid placed activity switches enable more natural 
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body movements. The proportions are such that users not able to reach the high placement, such as 
wheelchair users and under 10 year olds, can still play on a large proportion (67%) of the EOPD. 
4.2.6 Work done 
The work required to actuate an activity switch is determined by the resistance encountered, together 
with the number of repetitions required to register a 'hit'. The baseline work of the activity switch 
should be suitable for a 5th percentile 12 year old. Mean push and pull strength values along with 
standard deviations are given in Table 4.5 - 4.8. The values represent the maximum static pushing and 
pulling force (exerted for 5 seconds) of children when using a convex knob, I handed pull only, and I 
or 2 hands on a cylindrical bar. 
Age Sex (yrs) 
m 
6-10 
f 
m 
11-15 
f 
Age Sex (~l 
m 
6-10 
f 
m 
11-15 
f 
Table 4.5: Convex knob 1 handed pull (peebles & Noms, 2000) 
Age (yrs) Sex No. Mean (N) 
6-10 m 5 141.0 
f 10 141.1 
11-15 m 12 232.8 f 5 177.7 
S.D.(N) 
28.0 
61.0 
91.8 
55.3 
Range (N) 
104.2 - 168.3 
64.4 - 268.6 
67.0 - 372.6 
93.0 - 233.2 
Table 4.6: Cylindrical bar I handed strength (peebles & Noms, 2000) 
No. Orientation Push® Pull (N) Mean S.D. Range Mean S.D. Range 
8 vertical 218.3 110.2 125.3 - 455.3 242.4 89.1 131.9 -420.3 horizontal 229.1 11 1.0 120.5 - 429.1 233.0 102.6 111.2 - 381.1 
11 vertical 206.5 94.8 87.4 - 371.5 174.4 64.6 86.7 - 294.8 horizontal 194.6 88.8 74.5 - 375.5 175.1 75.7 88.2 - 365.3 
9 vertical 338.8 124.0 145.8 - 532.6 355.4 123.5 180.6 - 539.1 horizontal 297.8 113.6 108.4 - 448.8 339.4 104.6 194.9 - 541.0 
vertical 260.4 31.0 220.0 - 288.7 296.9 45.4 214.5 - 352.1 6 horizontal 241.0 80.2 181.3 -391.6 283.7 45.1 216.8 - 344.9 
Table 4.7: Cylindrical bar 2 handed strength (peebles & Noms, 2000) 
No. Orientation Push (Nl Pull (Nl Mean S.D. Range Mean S.D. Range 
8 vertical 256.6 116.5 171.6- 508.0 218.1 119.8 149.4 - 381.5 horizontal 270.9 121.9 145.8 - 458.5 279.7 95.7 144.8 - 410.2 
11 vertical 222.1 87.9 104.3 - 412.6 193.9 89.1 108.6 - 372.8 horizontal 219.5 91.8 132.6 - 367.0 174.4 81.2 106.3 - 343.1 
9 vertical 336.8 153.8 210.6 - 463.3 364.9 124.2 110.5 - 529.3 horizontal 321.2 174.9 188.1-611.6 399.9 132.9 210.7 - 622.8 
vertical 318.4 65.5 258.7-441.2 315.9 91.6 191.5 - 440.3 6 horizontal 314.0 108.8 234.1- 517.3 374.2 113.5 189.6 - 499.1 
Generally, human pushing or pulling forces are highest when exerted along the line of an almost 
straight limb. When limbs are in their position of greatest strength, force can be exerted with the least 
muscular effort and least stress, reducing the risk of injury. In awkward postures or when joint postures 
are at the extremes of their ranges, muscles are likely to be working at a mechanical disadvantage and 
so are heavily loaded. The presence of any obstructions that restrict freedom to adopt the best posture 
will reduce the maximum strength that can be exerted or increase the load demanded of the muscle 
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when exerting a given force (pheasant, 1996). Consequently, activity switches requiring high levels of 
work are to be placed at mid height. A proposed 20/80 split of high to low work is to be present on the 
EOPD to ensure an appropriate stimulus that will not prematurely fatigue users. Details are outlined in 
Table 4.8. 
Table 4.8: Recommendations for activity switches with respect to work done 
Work Done Proportion (%) Ideal Placement Considerations 
Low 
High 
80 
20 
Any 
Mid 
N.A. 
Wheelchair user 
It is feasible that future evolutions of the EOPD (out of the scope of the current research) could 
incorporate active resistance whereby software controls the level of resistance so that as the game 
progresses the resistance required to activate switches changes. 
4.2.7 Motor control tasks 
Activity switch design dictates the level of motor control required to actuate them. Activity switches 
requiring gross movements can be sighted and actuated quickly, whereas, fine motor control tasks 
require more precision. PoP-Rig experimentation illustrated that small push button switches 
necessitated a precise movement, taking longer to actuate causing frustration and missed 'hits'. The 
proportion of gross to fine motor skill activity switches is split favouring gross skills. A 20/80 split is 
proposed with a majority of gross activities maximising the speed of the game. The proportion and 
ideal placement are summarised in Table 4.9. 
Table 4.9: Recommendations for activity switches with respect to motor control tasks 
Motor task Proportion (%) Ideal placement Considerations 
Gross 80 Any N.A. 
Fine 20 Mid Wheelchair user 
4.3 Muscle activation 
Positiouing activity switches to recruit a wide range of muscle groups maximises muscle mass 
activation, resulting in high levels of energy expenditure. To ensure maximum muscle activation, the 
user must move from a central position in order to actuate any of the activity switches, and so, is 
unable to reach them without having to complete at least two full strides. Typical movements required 
to reach each of the three activity switch placements are discussed in this section. Primary and 
assisting muscle groups associated with each isolated movement are given in the following tables and 
are taken from Kingston (2005). Anatomical figures in Appendix C identify the location of each 
muscle. 
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Figure 4.4: Movement & muscle groups activated to reach a low activity switch 
Users perform a forward/downward motion similar to a low lunge exercise in order to reach the low 
activity switch. It can be seen from Figure 4.4 that the angle at the knee is less than 90°, resulting in 
high forces generated in the lower extremities to support the user's centre of mass. This type of 
exercise is also extremely proficient at enhancing joint flexibility as the movement requires a large 
range of motion. 
Table 4.10: Muscles activated for a tyPical movement to reach a low activity switch 
Movement 
Protraction of the scapula 
Flexion of the shoulder 
(phase 2: 60°_120°) 
Flexion of the elbow 
Flexion of the hip 
Flexion of the knee 
Dorsi fl exion of the ankle 
Flexion of the vertebral column 
Core stability 
Primary muscles activated 
Serratus anterior 
Pectoralis minor 
Pectoralis major 
Anterior deltoid 
Coracobrachialis 
Trapezius 
Serratus anterior 
Brachialis 
Biceps brachii 
Brachioradialis 
Psoas major 
Iliacus 
Biceps femoris 
Semitendinosus 
Semimembranosus 
Tibia lis anterior 
Abdom inal muscles (see below) 
Psoas minor 
Rectus abdominis 
Obliquus externus ahdominis 
Pyramidal is 
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Assisting muscles activated 
Latissmus dorsi 
Biceps brachii 
Pronator teres 
Pectineus 
Rectus femoris 
Sanorius 
Adductor longus 
Adductor brevis 
Adductor magnus 
Gracilis 
Gracilis 
Sartorius 
Popliteus 
Gastrocnemius 
Plantaris 
Extensor digirorum longus 
Extensor hallucis longus 
Peroneus terius 
I 
I 
I 
I 
I 
I 
I 
I 
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Figure 4.5: Movement & muscle groups activated to reach a mid activity switch 
To reach the mid activity switch the user performs a forward/sideward movement, similar to the lunge 
exercise, however, the knee angle is greater than 90°. Consequently, less force is generated in the 
lower extremities but the movement can be performed much more quickly. Adductor/abductor muscles 
are especially activated during this specific sideways movement. Extension of the upper body and 
pelvic rotation is performed, and once at this position the user can generate lUgher forces than when 
reaclUng for the low or lUgh activity switch 
Table 4.11 : Muscles activated for a typical movement to reach a mid activity switch 
Movement 
Abduction of the shoulder 
(Phase 2: 90' -150' ) 
Flexion of the elbow 
Flexion of the knee 
Dorsiflexion of the ankle 
Lateral flex ion of the thoracic 
And lumber spine 
Core stability 
Primary muscles activated 
Deltoid 
Supraspinatus 
Serratus anterior 
Trapezius 
Brachialis 
Biceps brachi i 
Brachioradia1is 
Biceps femoris 
Semitendinosus 
Semimembranosus 
Tibialis anterior 
Longissimus muscles 
Iliocostalis muscles 
Obliquus externus abdominis 
Psoas major 
Quadratus lumborum 
Intenransversarii 
Levatores costarum 
Rectus abdominis 
Obliquus externus abdominis 
Pyramidalis 
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Assisting muscles activated 
Pronator teres 
Graci lis 
Sartorius 
Popliteus 
Gastrocnemius 
Plantaris 
Extensor digitorum longus 
Extensor hallucis longus 
Peroneus terius 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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Figure 4.6: Movement & muscle groups activated to reach a high activity switch 
To reach the high activity switch a user less than approximately 1.6m tall would have to jump. The 
jumping movement requires considerable forces, dependant on the user's mass, to be generated in the 
lower extremities. This type of exercise improves user's explosive power. If users are taller than 1.6m, 
they can reach the activity switch without jumping which requires less exertion but the movement still 
promotes high joint flexibility. The muscles activated and movements stated in Table 4.12 are for a full 
reach rather than a user jumping. 
Table 4. 12: Muscles activated for a typical movement to reach a higb activity switch 
Movement 
Forward rotation of the scapula 
Flexion of the shoulder 
(phase 3: 120' -1 80' ) 
Dorsi flexion of the ankle 
Core stabil ity 
Primary muscles acti vated 
Serratus anterior 
Trapezius 
Pectoralis major 
Anterior deltoid 
Coracobrachialis 
Trapezius 
Longissimus muscles 
Il iocostalis muscles 
ObJiquus externus abdominis 
Psoas major 
Quadratus lumborum 
I ntertransversari i 
Levatores costarum 
Gastrocnemius 
Soleus 
Rectus abdominis 
ObJiquus externus abdominis 
Pyramidalis 
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Assisting muscles activated 
Biceps brachi i 
Plantaris 
Tibialis posterior 
Flexor hallucis longus 
flexor digitorum logus 
For the EOPD to minimise the onset of early fatigue, activities requiring repetitive muscle activation 
are to be reduced and recruit alternate large muscle groups during a session. Furtbermore, recovery 
periods will be incorporated into the game to aid muscle recovery and reduce perceived exertion. 
4.4 Design of frame 
Based on the recommendations made in this chapter, a specification diagram was developed. The 
specification diagram, modelled in CAD, illustrates the possible spatial envelope in order to aid 
development of possible frame concepts. The three heights from ground level are 0.40m for low 
switches, O.95m for mid switches and 1.90m for high switches. The acceptable horizontal distance 
between activity switches is 3.8m to 6.0m (i.e. 1.9m - 3.0m from the centre of the EOPD). Specifying 
the values from a centre point means the diagram forms a semi-spherical volume; however) frame 
concepts could form any shape as long as the switches were located within these zones. A section view 
is presented in Figure 4.7 and a plan view in Figure 4.8 to illustrate the possible zones that the activity 
switches could be positioned. 
/ High zone 
3.001 
1 Mid zone 
V/dZ7J/a <;> VZldTflZI 
1.9111 1.9m 
I" • 0.95nun Low zone 
-V/// / / ///A 
-
y ///////), 
OAm ! 
Ground Level 
Figure 4.7: Side section view showing the placement zones for activity switches 
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4.4.1 
Outer diameter 2.Sm Outer radius (3.0m) maxi..mwll 
Outer diameter (6.0111) maximmll 
limer radius (1.9m) min. 
movement from centre 
limer diameter (3.8m) 
min. shuttle nUl distance 
Figure 4.8: Plan view showing the placement zones for activity zones 
Frame concepts 
Using the specification diagram, a number of different frame concepts were conceived. However, three 
concepts based on a similar theme were selected due to comprehensive fulfilment of the 
recommendations, simplicity of manufacture and elegant aesthetics. They are presented in the 
following section along with an appraisal of positive and negative aspects. 
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4.4.1.1 Concept 1 twin leg frame 
A twin leg frame is presented in Figure 4.9. The design takes inspiration from the structural EOPD 
concept presented in Section 2.4.2. The frame is constructed from a large diameter, 2D curved, tube 
and a second tube with exactly the same dimensions is rotated 1800 and attached at the centre. The 
tubes are rotated off-axis by 650 allowing the activity switches to be placed in zones further away from 
each other. 
Figure 4.9: Plan & isometric view of concept I twin leg frame 
Table 4.13: Overview of design features for concept I 
+ve / -ve Overview of design features 
+ Low manufacture cost 
+ Low ground installation cost 
+ Ease of assembly 
+ Simple joining of frame 
+ Concept does not restrict the upper height limit 
Restricted number of activity switches 
Looks bare for a piece of playground equipment 
Requires less complex movement patterns 
Typical user would only need to side step to activate switches 
Low inherent structural integrity 
Low number of users can play at the same time 
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4.4.1.2 Concept 2 triple leg frame 
Concept 2 is similar to concept 1 except that a third leg is attached increasing the possible number of 
activity switches. Using three legs alters the spatial envelope, which in turn, increases the number of 
user movements. Concept 2 was generated by Mark Spencer of Playdale Playgrounds Ltd 
Figure 4.10: Plan & isometric view of concept 2 triple leg frame 
Table 4.14: Overview of design features for concept 2 
+ve / -ve Overview of design features 
+ High visual impact 
+ Allows a maximum of nine activity switches 
+ Provides a wider range of movement patterns 
+ User has to change their orientation to activate an activity switch 
+ High inherent structural integrity 
+ More users can play on the device at the same time 
+ Concept does not restrict the upper height limit 
Reasonable high manufacture cost 
Reasonable high installation cost 
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4.4.1.3 Concept 3 quad leg frame 
Concept 3 uses exactly the same tubular section as the previous concepts but with 4 legs rotated at 90· 
and attached at the centre. Although this arrangement is similar to concept 2 it provides a greater 
number of possible activity switch locations, requiring users to move directly right, left, forward or 
backwards from a central position. The concept has been generated by Mark Spencer of PlaydaJe 
Playgrounds Ltd. 
Figure 4.11 : Plan & isometric view of concept 3 quad leg frame 
Table 4.15: Overview of design features for concept 2 
+ve I ·ve Overview of design features 
+ Allows a maximum of twelve activity switches 
+ Allows for a greater number of users at one time 
+ High structural integrity 
+ High visual impact 
+ User has moving back/forth & side· to-side to activate switches 
+ Highest number of users can play at once 
+ Concept does not restrict the upper height limit 
Highest manufacture cost 
Highest installation cost 
Large number of activity switches may increase learning curve 
Excessive use of tubular sections 
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4.4.2 Selection & evaluation techniques 
One frame concept has to be selected from the three concepts. In a similar manner to the conceptual 
design stage, selection of the most suitable design is determined by comparing the design criteria of all 
the concepts. Again, the method used is taken from 'Total Design' by Pugh ( 199 1) which focuses upon 
ranJcing, by comparison, of relative strength and weaknesses against the original concept used as the 
datum. 
Datum Concept I Concept 2 Concept 3 
Figure 4.12: Images of the frame concepts undergoing the selection process 
T bl a e 4.1 6 h : A se ecuon matnx S owmg each concept against the datum 
~Criteria Datum Concept I Concept 2 Concept 3 
Safety • S + + 
Structural integrity • - S + 
Visual impact • - + S 
Aesthetically pleasing • S + S 
No. of activity switches • - + + 
No. of users D - S + 
No. possible movements A - S + 
Vandal resistance T + + + 
Manufacture cost U + + S 
Ease of manufacture M + + + 
Low installation cost • + S -
Low complexity • + + S 
Commercial viabi lity • + + + 
Accessibility • + + + 
l:+ - 7 10 9 
l:- - 5 0 1 
l:S - 2 4 4 
Symbols: + 'better than' - ' worse than' S 'same as' 
The results from the evaluat ion chart show that concept 2 meets the criteria better than the rest. 
Concept 2 offers the greatest number of benefits, therefore, will be used for the EOPD whi le the other 
two concepts wi ll be abandoned. 
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4.4.3 Detail design and manufacture 
The concept frame must undergo detail design in order to develop a fully working prototype capable of 
withstanding vigorous play. A transponable version was required, and so for safety purposes, 
incorporated fearures to improve strucrural integrity. The information that follows describes the detail 
design work conducted, components selected, safety fearures incorporated and assembly process. 
The frame concept consisted of three identical tubular sections. These sections are made from 
mild steel tube, 76.2mm in diameter, bent to a radius of2m. Three floor plates, 260mm by 260mm and 
6mm thick, were welded to the base of each tube and pre-cut at an angle of approximately 60°. Two 
holes drilled near the end of the tubes at an angle of 60°, enable them to be clamped together at the 
centre by two Compact Grade Laminate (CGL) boards. Once the legs are clamped, three floor tie 
plates (4300mm in length, 50mm wide and 6mm thick) are bolted to the tube sections to ensure correct 
positioning and to increase the strucrural integrity of the whole apparatus. 
One of the recommendations made after the preliminary testing was that the switches were too 
small , thus, possibly slowing the game and accounting for some of the low scores. For this reason, 
larger switches were sourced that can be actuated using the palm of the hand or if required the foot 
(FootlPalm switch Klockner-Moeller shown in Figure 4.13). The diameter of the dome is 94mm 
making it easier to sight and actuation more instinctive. For identification purposes, each switch was 
spray painted a different colour: red, green, white, blue, orange and yellow. The game was then 
programmed to play an audio clip with a voice command directing the user to activate a particular 
colour. 
1 
c 
Figure 4.13: Six FootlPalm switches details (Klockner-Moeller) 
To securely attach the foot/palm switches to the frame, six mounting plates machined from 3mm 
aluminium plate were used. Two worm drive hose clips bolted to the plate allowed the switches to be 
securely connected to the frame tube, and if required, easily relocated. 
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4.4.4 Prototype assembly 
Figure 4.14: Main test rig assembled complete with switches 
Figure 4.14 shows the complete setup of the MTR. Six switches have been positioned at the previously 
stated heights with cables routed along the frame ensuring they are out of the user's path. For risk 
assessment purposes, floor tie plates were highlighted with high visibiliry tape reducing the trip hazard. 
Both visual and audio cues were incorporated at each switch location. Visual stimulus was 
provided by LEDs consuming very low power and audio from a low powered 1 watt speaker. Norris 
&Wilson (1995) provides data on perceptual abilities of children. The reaction time measured to a 
vertical jump on visual command cue for males aged 12 years was 390 milliseconds, whereas, for 
auditory command it was 360 milliseconds. The stimulus is also thought to improve inclusive play as 
users with vision impairment can more easily identify the location of the correct switch while users 
with hearing impairments are able to follow the flashing LEDs. In addition, providing audio and visual 
stimuli at the switch needing activation is believed to improve the instinctive nature of the game, 
resulting in improved reaction time and total number of correct ' hits ' . 
The 4 LEDs and 1 watt speaker attached to each switch are shown in Figure 4.15. They were 
housed in a protective shroud along with a printed circuit board. Although the shroud is quite large, 
they were positioned out of the user's movement path to avoid obstruction. Electronic components 
consist of two switches mounted on each leg, daisy chained to the connection box and connected by 
RS232 to the USB converter. A USB cable connects the USB converter to the computer for data 
acquisition and an A.C. to D.C. 8 V power supply is coupled to the connection box to provide power to 
the switch's circuit board, 4 LEDs and speaker. 
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Protective shroud 
4 LEDs 
lW Speaker 
Figure 4.15: LEDs & speaker attached to switches 
4.4.5 Prototype software 
Prototype software development predominantly focused on enhancing the single·player game so that 
the key game settings could be adjusted and the appropriate game performance parameters recorded. 
Greater detail is provided in the next chapter on the parameters recorded. 
Being able to play on the EOPD in many diverse ways such as one·on-one, multiplayer and 
non-competitive games is a significant issue and so, although not part of this research, parallel 
development took place. It is envisaged that when competitive games are not activated, ' freeplay' wi ll 
be permitted. In ' freeplay' mode, when cemin switches are activated, sound effects or music is played 
in a similar manner to that of a music synthesizer. Activating the activity switches in ' freeplay ' enab les 
the creation of music sequences meaning the user still has to perform physical movements but at a self-
selected pace. 
As with the PoP-Rig, sound effects are associated with a particular switch so that the user 
knows when they have correctly actuated the switch. In addition, if the user reaches a predetermined 
numbers of ' hits ' , a sound effect and voice informs them they have reached the ' next level' . This has 
been included because according to Martin et al., (1 984) providing immediate reinfqrcement during 
exercise, rather than just after exercise completion enhances exercise adherence. Further, when the user 
is informed they have reached the ' next level' , a short rest period is provided before the game 
recommences. 
4.5 Conclusions 
The MTR has undergone a thorough design process with research focused on ensuring the placement 
of the activity switches ensures extensive whole-body movements. The various movements users must 
perform to play on the EOPD along with the progressive intensity are thought to provide health-
enhancing play that will maximise energy expenditure. Experimentation is required to fully val idate 
and optimise game parameters. 
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Chapter 5 
Experimentation design 
Detailed experimentation on the main test rig (MTR) was essential to evaluate users' physiological and 
psychological responses whilst assessing the current design. The experimentation protocol was 
carefully planned ensuring it was both reproducible and provided an unbiased evaluation. This chapter 
focuses on the stages needed to construct a suitable experiment designed to ensure the participants' 
responses gave a true representation of the device. 
The experimentation was structured so that individuals participate in three sessions, each 
containing different game sett ings. Physiological responses to each session were monitored using heart 
rate (HR), with users asked to rate psychological parameters. Having completed all of their sessions, 
participants were asked to ftI1 out a questionnaire; ascertaining their opinion on the device and 
comparing it with traditional outdoor playground equipment (TOPE). 
The chapter begins by outlining the aims of the experimentation before exploring the more 
practical issues involved in the testing with children. Protocol design is covered in detail by explaining 
the pre-exercise, exercise and post exercise measurements. A concise conclusion reflects on the most 
important aspects of the experimentation protocol. 
5.1 Aims of experimentation 
The main test rig (MTR) was specifically designed for a 5'" to 95'" percentile 12 year old with 
experimentation being conducted on both boys and girls. Tbe main aim of experimentation was to: I) 
establish the exertion levels and enjoyment experienced by children playing on the MTR; 2) evaluate 
the effects of game settings on levels of exertion and enjoyment; 3) evaluate if any differences exist in 
the data between male and fema les when playing on the MTR. Once these have been determined the 
final electronic outdoor play device (EOPD) can be optimised in order to maximise energy expendirure 
and perceived enjoyment whilst minimising perceived exertion. 
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5.2 Participants 
Twenty seven participants were recruited for the MTR experimentation from two local schools based 
in the East Midlands and an out of school event organised at Loughborough University. As the 
experimentation involved children a number of special considerations needed to be addressed. Tbe 
protocol had to adhere to the strict criteria outlined by the Loughborough University Ethical Advisory 
Committee (EAC) with the following documents assessed and cleared before any testing could 
commence: 
• Criminal Record Bureau (CRB) enhanced clearance 
• EAC approval form 
• Health screen questionnaire 
• Information sheet 
• Informed consent/assent form 
• Physical activity questionnaire 
• Product evaluation questionnaire 
A further discussion OD the specific requirements for experimentation conducted with chi ldren, In 
addition 10 the above documentation, is provided in Appendix D. 
5.2.1 Recruitment & selection 
Loughborough University's EAC guidance notes recommend that investigators should not normally 
make contact with children directly. Instead contact should be made via a third party, subsequently, 
recruitment of all participants was made via physical education teachers at local schools and organisers 
of sporting activities outside of school. All participants completed and returned parental/guardian 
consent and subject informed assent prior to commencement of data collection. The exact selection 
process is important as a cross-section of participants were required for obtaining unbiased results 
which would prove constructive in highlighting areas requiring further development. Tbe general 
selection of individuals is based on normal activity levels, i.e. non-eli te athletes, with both male and 
female participants recruited to emphasise any gender issues. Participants who were engaged in only 
minimal amounts of physical activity (as specified by their PE teachers) were included in the sample to 
gain an understanding of the appeal of the device across a wide population. 
5.2.2 Physical activity questionnaire 
Participants' normal physical activity levels are needed for data analysis as current levels of physical 
activity may influence game performance and/or attitudes towards the device. To as e s physical 
activity levels each participant was asked to fill in a self-report questionnaire. 
Self-report questionnaires are the most prevalent method of measuring levels of physical 
activity for large sample sizes of both adults and children (Sallis, 199 1). When compared with otller 
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measures questionnaires are a very convenient way to assess activity patterns as they are quick to 
administer, cost-effective and unobtrusive (Sallis, 199 1; Annstrong & Welsman, 1997; Welk & Wood, 
2000; Sirard & Pate, 2001). For these reasons it is generally used to investigate large sample sizes 
where other methods are impractical. Self-reports are versati le and can cover detai ls of activity for the 
previous days, weeks, months or even years (Cale, 1994). Although, the accuracy of the data is usually 
a main concern when children self-repon on their levels of physical activities (Welk el al., 2000) they 
are generally considered appropriate for children over the age of 10 years old (Sail is, 199 1; Pate, 1993 ; 
Harro & Riddoch, 2000; Kohl el al., 2000). 
Children's lower cognitive abi lity relative to adults reduces their ability to accurately recall 
frequency, intensity and especially duration of activities (Sal lis, 199 1). The fact that children tend to 
engage in physical activity that is sporadic, both in time and intensity, makes it difficult to recall, 
quantify and categorise (Harro & Riddoch, 2000; Sirard & Pate, 200 1) Unfonunately, unstructured 
play is not comprehensively covered in some questionnaires (Kohl el al., 2000). Recommendations by 
Annstrong & Mechelen (2000) suggest that the language used in interviews and questionnaires must 
take account of the reading age of children, with simple but comprehensive instructions being given. A 
reading age of 7 years is normally considered adequate for the majority of children over the age of 10 
years. 
Numerous physical activity questionnaires have been published over the years. The Physical 
Activity Questionnaire for Adolescents (PAQ-A) was selected as the most appropriate. It is a self-
administered 7-day recall questionnaire and was developed by Kowalski el al., ( 1997a) to assess levels 
of moderate-to-vigorous (MVP A) physical activity in children aged approximately 12 years and above. 
The PAQ-A, in comparison to others, is relatively quick to complete « 20 min), inexpensive, has low 
investigator burden, and is easily understood. It has been adjusted slightly to suit the type of sports UK 
children are more likely to panicipate in rather than USA specific sports (see Appendix E). The 
activities removed were street hockey, floor hockey, softball, soccer, football (American), cross 
country skiing and ringette while the sports added were rounders, hockey, football , rugby, temtis and 
snowboarding. Nine items, scored on a 5-point scale, are used to derive a total activity score. Higher 
scores indicate higher levels of activity. The PAQ-A provides a general measure of physical activity 
that differentiates between high and low active children. The PAQ-A, however, does not provide 
frequency, intensity, and time information about physical activity levels as it is not meant to be used to 
estimate caloric expenditure (Cale & Harris, 2005). It has been shown to have acceptable validity for 
research purposes (Kowalski el al., I 997a). 
5.3 Protocol design 
To understand the influence game parameters have on maximising exertion levels and perceived 
enjoyment while reducing perceived exertion, three sessions wi ll be conducted. Each session will 
provide three different game types, a high intensity, a low intensity and a high intensity with recovery 
periods plus an extra ' life ' . 
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5.3.1 Alteration of game parameters 
The parameters for the game types (A, Band C) are given in Table 5.1 (time periods are given in 
milliseconds). Tbe settings for game type A provide a shon but intense period of play, chosen to better 
replicate children 's sporadic play patterns. Game type B is set so it is less intense but provides an 
extended game duration. Game type C is the same as game type A but with the addition of rest periods 
and an extra 'life' in order to investigate the effects of prolonging an intense game. Settings were 
decided upon after an initial trial run with an II year old girl and a 13 year old boy. 
Table 5.1: Game settings for game type A, B & C 
Game Parameter 
Initial switch timeout (ms) 
Minimum switch timeout (ms) 
Decrement timeout by after each actuation (ms) 
Initial interval time (ms) 
Minimum interval time (ms) 
Decrement interval by after each actuation (ms) 
Recovery period (ms) 
Hits required to reach recovery 
Number of failures allowed before game stopped 
A 
4000 
400 
50 
1250 
400 
50 
Game !):Ee 
B 
5000 
400 
35 
1500 
400 
35 
C 
4000 
400 
50 
1250 
400 
50 
5000 
15 
2 
Game type A provides a period of 4 seconds from command to the user having to actuate the correct 
switch (referred to as irutial switch timeout). After every 'hi t' this time period is reduced by 50 
milliseconds (decrement timeout), requiring the user to reduce their response time. From switch 
actuation to a command being given there is a delay of 1.25 seconds (initial interval time) reducing by 
50 milliseconds (decrement interval) after every ' hit '. Game type B is set at a lower intensity as the 
period allowed at the start is 5 seconds reducing by only 35 milliseconds after every ' hit' . The initial 
interval time is also set higher at 1.5 seconds decreasing by only 35 milliseconds after every ' bit'. 
Game type C is the same as game type A, except, rest periods of 5 seconds are provided after every 15 
'hits' and a single miss is allowed before the game ends. The time allowance for each game type is 
plotted in Figure 5. 1. It is calculated by defirung the maximum time given to panicipants at the start of 
the game with the continued reduction in time as the games progresses, i.e. more correct switches are 
activated. As an example it can be seen in Figure 5. 1 that it takes twice as many hits (i.e. lOO) in game 
B to reduce the time to 2 seconds than it does for games A and C which take 50 ltits. 
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Figure 5.1: Decrease in time aBowance after each 'hit ' for all game types 
To overcome order effects during repeat sessions, controlled randomisation is employed in the form of 
a Latin square. Sequencing via a Latin square reduces the effects of learning, fatigue and motivation. 
5.3.2 Duration 
A study by Maddison el al., (2007) evaluated the energy cost of playing on sedentary video games 
versus interactive whole·body video games employed sessions lasting 5 minutes. Unnithan e l al., 
(2006) evaluated the energy cost of playing on a dance simulation game used sessions lasting 
approximately 12 minutes while a sintilar study evaluating the aerobic demands of a dance simulation 
game (Tan el al., 2002) employed sessions of approximately 10 ntinutes. The exertion levels seen in 
these two later studies, as opposed to the slightly high results in Maddison e l al., (2007), are far lower 
than those expected during tltis experimentation due to greater distances between switches and three 
dimensional layout. Tbe insights gained from the proof of principle prototype (poP·Rig) enabled a 
greater understanding of the intensity level required to play the actual game. Feedback from 
participants suggested that 10 minute sessions would be too excessive for children, especially since the 
distance between activity switches had been increased for the MTR. Tbe duration of each session is, 
therefore, 5 minutes. Throughout this period as many games as desired can be initiated unti l the 5 
minutes is up. This means that if a game is failed, another game can be started with the score and 
number of ' hits' returning to zero. 
5.3.3 Number of participants 
The number of participants per experiment is to be kept to between 4 and 6 to ensure the whole process 
does not take too long, resulting in reduced motivation. Also with 4 to 6 participants, each bas an 
adequate rest period of approximately 15 minutes before the next session. Unnithan e l al .• (2006) states 
that a potential limitation of their study was that althougb subjects rested between sessions, measured 
by HR returning to witltin 10 beats of resting values, a greater period migbt bave prevented the effects 
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of fatigue influencing the results. To be confident in the results, a considerable number of participants 
must be assessed. Approximately 30 children were recruited from different schools based on physical 
education teachers knowledge of their physical activity patterns (Iow, medium and high) ensuring a 
wide variation of individuals with different abilities and attitudes towards physical activi ty. Any 
missing data due to hardware failure means there is sti ll significant numbers from which to draw 
accurate conclusions. 
5.3.4 Instructions and familiarisation 
A short introduction is given at the start of the experimentation ensuring all participants know what the 
experimentation entails, what is expected of them and to reafftrm that they can withdraw at any time 
without explanation. A fantiliarisation period is provided to ensure all participants understand the 
commands and can fully operate the activity switches. Each participant has a short period « 2 
minutes) in which to achieve a tally of more than 20 ' hits' on a slow setting. This was achieved by all 
participants and demonstrated that they are able to relate the audio commands with the coloured 
switches and that they can reach all the activity switches. The familiarisation period is important as it 
reduces the chances of premature failure affecting the results. A study evaluating the physiological 
effects of competing in Dance Dance Revolution (DDR) allowed participants to practise the DDR 
protocol intermittently for approximately 45 minutes (Unnithan et al., 2006). The familiarisation 
period for this experimentation is comparatively brief as the game concept is less complex. A 
standardised pre-exercise protocol was not implemented however the familiari sation period acted as a 
low intensity warm up which assists the transition from rest to exercise, stretches posrural muscles, 
augments blood flow, and increases the metabolic rate from the resting level (American College of 
Sports Medicine, 199 1). 
5.4 Pre-exercise measurements 
A short discussion follows to explain the participant measurements to be taken before commencement 
of any sessions. 
S.4.1 Anthropometric measurements 
Body mass and height are taken to represent the ' base-line' measurements for an overall estimate of 
body size. Height is measured without shoes using a stadiometer (Seca Ltd, Birmingham UK) and 
recorded to the nearest mill imetre. Body mass was measured using a TBF-6 12 Tanita electronic scale 
(Tanita Corp., Tokyo, Japan) with participants in clothes, again wi thout shoes, and recorded to the 
nearest 0. 1 kg. These two measurements allow calculation of Body Mass Index (BM I). BMI is the 
most commonly used mass-for-height ratio at present and widely used as indicator for normal weight, 
overweight and obese. It is calculated by dividing body mass (in kg) by height squared (in m'). One 
drawback with BMI is the fact that it is not only an indicator of fat mass, but also of lean body mass or 
muscle mass. Using BMI as an indicator for body fatness should be interpreted cautiously; especially 
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in children and adolescents, because in this particular population the variables concerned are also 
influenced by growth and development (Riddocb & Borebarn, 2000). A more accurate method of 
defining body fat is to measure skin fo lds, whicb for this research it was thought unnecessary as the 
influence of body fat on game performance is not being directly assessed. 
5.4.2 Resting heart rate 
Resting beart rates (HR...) for eacb participant are recorded at the start of the experimentation. 
Recording HR,." allows heart rate reserve (HRR) to be calculated (see Equation 5.1) which provides a 
method that takes into account age and sex differences. 
Equation 5. I 
HRR = HRmax - HRrest 
A limitation of using HRR is that it tends to generate a higb target HR because HR"" exceeds basal 
HRs wbich are measured during sleep (Anderson et al., 1987). There can be many drawbacks when 
trying to determine exact HR".,. The most accurate method of taking HR"., is in the morning before 
getting out bed. This is due to HR,." being strongly influenced by emotional state and body position. 
Seated HRs are generally 15 beats'min- l higber than supine basal rates (Rutenfranz et al., 198 1), and 
HR"., obtained immediately prior to exercise testing are likely to be 10 beats'min-l greater still 
(Rowland, 2000). Due to the constraints of the experimentation process HR"., is to be taken before 
exercise, although, a period of 20 minutes is given for each participant to relax in a quiet environment. 
HRs are recorded every 5 seconds and the lowest mean values over I minute are used. 
5.5 Exercise measurements 
Tbe fo llowing section di cusses, in detail , the data recorded during the actual play sessions. To 
understand user performance, game statistics are constantly logged, whi le the demand on the 
cardiovascular system is measured via HR. HR is used to detennine intensity as current guidelines 
state specific HR criteria for bealth-enhancing pbysical activity. 
5.5.1 Heart rate 
HR is continuously monitored during the entire experimentation period using a Polar team system 
(polar Electro, Oy, Finland). Monitoring HR is one of the simplest and most frequent ly used measures 
in assessing the cardiac response to exercise. Exercise HR is used to assess a subject's relative exercise 
intensity which can then be compared with a panicipane s predicted or measured maximum HR 
(Barber, 2000). The main benefit of using HR monitoring is that it is a validated method for 
establ ishing exertion levels of children engaged boUls of exercise. Further, HR is cost effective and 
socially acceptable when assessing young children' s pbysical activity (Livingstone et al .• 1990). 
Tbe disadvantages in using HR are that the methodology remains controversial and problematic 
whi lst the predictive power of HR monitoring as an index of energy expenditure at low levels of 
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activity remains poor (Livingstone et ai. , 1990). From a practical point of view loss of data may occur 
as the electrode belts occasionally come loose as participants engage in vigorous activity, especially 
with children as most belts are designed for adult chest sizes. 
It is imponant that participants rest between sessions so that the actual physiological responses 
during the game can be accurately measured rather than including residual values from other physical 
activities. There will be a minimum of 10 minutes recovery between sessions. Each participant is asked 
to sit quietly and not to participant in any vigorous activi ty while waiting for their session. 
Factors known 10 affect children's heart rate 
HR provides a good measure for exenion but it can be affected by many factors as summarised in the 
following table. 
Table 5.2: Factors affecting HR response to exercise among children. (Bar-Or, 2004) 
Factor Submaximal HR Maximal HR 
Age Young > old No effect 
Sex Females> males No effect 
Adiposity Obese > lean No effect 
Climate stress i No effect 
Emotional stress i No effect 
Active muscle mass Small > large Large > small 
Body position Upright > supine Upright > supine 
Training ! No effect or slight i 
Detraining i No effect 
Heat acclimatisation ! o effect 
Habituation ! No effect 
The following section discusses the factors that can affect a child' s HR. The information provided has 
been extracted from (Bar-Or, 2004) with additional details incorporated. 
• Age - The submaximal HR in children declines as they get older. Performing the same 
absolute task, the HR of an 8 year old can be as much as 30 to 40 beats·min-I higher than an 
18 year old. The higher HR in young children compensates for a lower stroke volume. 
• Gender - Females have a higher HR than males at any panicular exercise level. The actual 
cause of high HR especially in young females during exercise is not fully understood. 
• Adiposity - Obese children will have a higher submaximal HR than leaner children reducing 
their HR reserve. It is estimated for adults that with each 10% increase in body fat it is 
accompanied by a 10 beats· min-' rise in exercise HR_ This is yet to be established for children. 
• Climare - HR is affected by the climate. Exercise HR is higher in hot or humid environments 
than comfonable ambient conditions (23-24°C, 50-60% relative humidity). An increase of 5° 
to 7°C or 15% to 20% relative humidity may resu}( in an increase of IQ or more beats-min'). 
In general, climate effects are similar whether the exercise is continuous or intermittent. 
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However, Hebestreit & Bar-Or (1998) found that for high exercise intensities, the effect was 
greater when children performed intermittent exercise. 
• Emotional stress - HR of children increases with excitement or fear and can rise by as much 
as 20 to 40 beats·min· l above 'normal' values. This increase is more apparent at rest or mild 
exercise intensities. 
• Active muscle mass - HR will be higher during activation of small muscles in comparison to 
large muscles during a similar mechanical power output. Bar-Or (1972) compared treadmill 
and arm ergometry at the same load and found that HR was 20 to 30 beats·min· l higher in arm 
ergometry. 
• Body position - Supine exercise affects the venous return; as a result resting, submaximal and 
maximal HR are lower than during upright exercise (Cumming, 1977). 
• Trained athletes - The HR of highly trained children is lower at rest and during all levels of 
exercise. It also shows a faster recovery after exertion than non-athletes. The most sensitive 
response to training is a reduction of resting and sub maximal HR which often precedes any 
changes in maximal aerobic power (Cumming et aI., 1967). 
• Continuous or intermittent - The HR and VO, relationship will depend on whether the 
physical activity is continuous (without periods of inactivity) or intermittent (with small 
periods of inactivity). Also, HR is much higher at similar VO, values for exercise of a static 
nature i.e. isometric. 
Categorising young children's physical activity 
A scale for rating children's activity (CARS) has been published by (puW et al., 1990) that categorises 
different forms of activities along with associated HR ranges (see table below). Although the scale is 
for young children aged between 3 and 8 it provides a good insight into the expected HR of an 
observed activity. 
Table 5.3: Categorisation of different forms of children's activities (puW et al., 1990) 
LeveVdescription Expected HR Representative activities 
1. Stationary: no movement < I 00 Lying/Sitting 
2. Stationary: with movement 100-11 9 Standing/Colouring/Standing ball activity 
3. Translocation: slow/easy 120- 139 Walk 0% grade 
4. Translocation: medium/moderate 140-1 60 Walk 5% grade/1 0% grade 
5. Translocation: fas t, very fast/strenuous > 160 Walk 15% grade 
Physical activity intensity is commonly categorised into two groups, moderate-to-vigorous phys ical 
activity (MVPA) or vigorous physical activity (VPA). MVPA act ivities increase HR to within 50-75% 
of HRR, whereas, VPA increase HR above 75% HRR (Stratton, 1996). 
Heart rate response to exercise 
Immediately before the start of ex.ercise, pre-ex.ercise HR usually increases well above nOffilal resting 
values. This is called an anticipatory response (Wilmore & Costill , 2004). Once body movements 
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commence there is a delayed response in HR. A linear relationship is then present when HR is plotted 
against progressive work loads (Row land, 1997). Above a certain threshold there is a strong 
relationship during 'steady state ' exercise between HR and VO, whereas below the two variables are 
weakly related, this threshold is known as 'FLEX' HR (Ceesay el al., 1989). FLEX HR is used mainly 
to discriminate between resting and exercising HRs which for chi ldren is said to be approximately 120 
beats·min" (Rowland, 1997). For individuals it is calculated as the mean of the highest HR for 
sedentary activities and the lowest HR for exercise activities (Armstrong, 1998). 
At the point of near exhaustion HR in adults begins to level off indicating that it is approaching 
a maximum value. Tapering of HR was found in chi ldren treadmill walking at an intensity above 60% 
VO, max (Rowland, 1997). Studies have shown that HR"", does not change over the childhood years, 
although, in later years HR""" decreases about one beat per year. Studies of HR""" in children have 
generally demonstrated no significant gender effect. Highest rates, usually approximately 200 to 205 
beats·min" , are achieved with treadmill running. Maximal rates with treadmill walking are often about 
5 beats·min" lower (Armstrong el al., 1995). Despite the fact that HRm", does not change across 
paediatric years, the rate of recovery following exhaustive exercise is, in fact, inversely related to age. 
Armstrong et al., (1991) reported similar findings, with a faster decrease in HR in younger chi ldren 
after treadmill walking compared to older subjects, despite similar HR,,,,,, (Rowland, 2000). 
Table 5.4 gives the conversion fro m the OMNI RPE scale to the equivalent Borg scale, 
associated HR and %VO,,,,,, data. Although, this data is not specifically for chi ldren it gives a good 
indication of what the expected %HR"", would be. 
5.5.2 
Table 5.4: Conversion from OMNI scale to Borg scale and physiological parameters 
OMNI RPE <3 3-4 5 6-7 8- 10 10 
Borg RPE <10 10- 11 12-1 3 14- 16 17- 19 19-20 
%VO,= <20 
%HRRmu <20 
%HRmax <35 
Game data 
20-39 
20-39 
35-54 
40-59 60-84 <85 100 
40-59 
55-69 
60-84 
70-89 
lOO 
lOO 
Software controlling the MTR has been programmed to output data for each game. The files are saved 
according the total number of games played and so each game number corresponds to a participant and 
a particular session. The output file records the following parameters: score, failure lim e, number of 
hits, game duration, reactions speed and log of commands. An explanation for each is given below. 
Score - based on the reaction time of participants and progression through the game. It is calculated 
using the following formula: 
Equation 5.2 
Score = ( 1-[ limeoul~" )). 20 
1I meow pmtf 
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Time atfailure - the interval time, in milliseconds, at the particular point when the participant failed to 
'hit' the correct switch. The smaller the value, the better the participant performed. 
Number of hits - is simply the total number of correct switches the participant activated during the 
game. Tbe greater the value, the better the user performed. 
Game duration - is the total length of time (mm:ss) from commencing the game to when the game is 
failed, i.e. when the participant loses all their ' lives' . The greater the value, the better the user 
performed. 
Reaction time - is the time period, in milliseconds, from when an audio command is initiated to when a 
correct switch activation is registered. Therefore, the mean reaction speed is the mean values from all 
the correct 'hits' per game. The smaller the value, the faster the user's reaction speeds. 
Log of commands - is the sequence of all the random commands given to the user along with all the 
switches activated, whether correct or not. 
These output parameters are used to analyse game performance. Each game type (i.e. A = intensive, B 
= less intense, C = intensive plus features) can then be compared using the following performance 
parameters: 
• Mean reaction speed: i = greater intensity 
• Mean game hits: i = greater number of movements performed 
• Mean failure time: i = premature failure 
• Mean game duration: i = greater length of play 
• Mean game score: i = greater number of movements performed at a greater intensity 
5.6 Post exercise measurements 
Immediately after each participant has completed a session it is important to get them to assess a 
number of key parameters. The first parameter is rating their perceived exertion (RPE). The next is 
rating their perceived competence (RPC) before finally rating their perceived enjoyment (RPEn). On 
completion of their third session, partic ipants are asked to fill out a short product evaluation 
questionnaire which is used to gain an understanding of their attitudes towards the MTR. The 
following section details each key parameter and the practical issues involved in administering the 
scales. 
5.6.1 Measuring perceived exertion 
Adult-derived methods and applications of the rating of perceived exertion (RPE) have been deemed 
not entirely appropriate for children. As a consequence, a number of limited numerical-range and 
pictorial scales have been created to expand the age range at which they can be used effectively. The 
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idea for a simplified perceived exertion scale, more suitable for children, emanated from the study by 
Williams & Armstrong (199 1) on 40 boys and girls aged 11 - 14 years. In their study, although the 
children seemed to accept and understand tbe purpose ofB org's 6-20 RPE scale, tbe authors stated that 
a children's version of tbe scale would be more meaningful and proposed the idea of a 1-10 scale 
anchored with more developmentally appropriate expressions of effort (Eston & Parfit, 2007). Tbe 
scale chosen from the numerous ones available was the children' s OMNI scale which is designed 
specifically for children over 6 years old. A variety o f versions of the OMNI scale are available, eacb 
depicting different forms of the activities, the most suitable was the walk/run format (sbown in Figure 
5.2). 
How tired do I feel during exercise? 
o 
Not tired 
al all 
tired 
TIred 
Really 
tired 
Figure 5.2: OMNI scale of perceived exertion: walking to running format (RoberlSon, 2004) 
The strongest stimuli influencing an individual's RPE is breathing rate and sensations of strain from 
the muscles are. Others include perceptions of limb speed, body temperature and joint strain. A 
common assumption is that cbanges in HR, oxygen uptake and blood lactate are factors whicb 
influence RPE. However, HR is not actually perceived nor is oxygen uptake or the accumulation of 
muscle and blood lactate. It is the sensations associated witb increased ventilatory work and muscle or 
joint strains, whicb an individual perceives (RoberlSon, 2004). 
Experimentation 
On completion of each session, rating perceived exertion is the fIrst parameter to be assessed. 
Participants are provided with the OMNI scale and asked how tired they feel. Participants then circle 
the number that best corresponds to bow they felt during the session. It is important to get them to 
assess their level of perceived exertion straight after the session, before any other parameters, so as not 
to allow periods of recovery to affect tbeir ratings (Eston & Parfit , 2007). RPE is not taken during the 
game as it would distract the participant from concentrating full y on the audio commands. 
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RPE instructions 
A definition of perceived exertion specifically written for children and a standard set of instructions 
regarding tbe use of the OMNI-walklrun scale is given to all participants at the start of the 
experimentation. Participants are infonned that the rating sbould be used to estimate their overall body 
rather than specific areas. The definition of the perceived exertion and scaling instructions are taken 
from Utter el al., (2002), although, altered slightly. Tbe updated instructions are presented in Appendix 
F. 
Anchoring 
It is important to provide participants with an understanding of the range of sensations that correspond 
to categories of effort within the scale. This is known as ' ancboring'. Tbere are three ways by which 
perceprual anchoring may be accomplisbed - from memory, by defini tion or from acrual pbysical 
experience. The memory method requires the child to remember tbe easiest and bardest experiences of 
exercise and use these as the ancbor values on the scale. Tbe ' definition' method involves describing 
the anchors with tenns sucb as ' the lowest effort imaginable' for the low ancbor or the ' greatest effort 
imaginable' as the higb ancbor. Tbe third method (experience) allows the child to physically 
experience a range of perceprual anchors (Eston & Parftt, 2007). For this experimentation it was 
impractical to provide experience methods due to the time avai lable, instead a definition anchor was 
provided along with asking for memory ancbors for the highest and lowest rating. Tbe verbal 
descriptors employed on the OMNI scale bave been validated with children aged 8-1 2 years of age in 
the USA (Eston & Parti t, 2007). 
5.6.2 Measuring perceived competence 
One of the strongest predictors of furure levels of pbysical activity is an individual's perception of self-
efficacy, or cottfidence in their ability (Sallis, 1994). Perceived competence bas been identified as an 
important factor for determining participation in pbysical activity. Young people seek participation in 
those activities which provide a sense of competence, and avoiding activities they associate with 
failure. Conversely, children who are unsuccessful at mastering activities often experience feelings of 
low competence, reducing their motivation (Biddle el al .• 1998). 
Creation oJ scale 
A suitable scale to rate competence was not found, tberefore, a rating of perceived competence (RPC) 
scale has been developed that closely resembles tbe OMNI scale ensuring consistency during the 
experimentation (see Figure 5.3). As with the OMNI scale, the RPC scale provides both verbal and 
pictorial anchors. The scale starts at 0 for ' I wasn' t good at all ', represented by a thumb pointing 
downwards, to 10 for ' I was really, really good' , represented by a thumb pointing upwards. The font 
and layout was kept simple and uncluttered ensuring i, could be quickly and easily understood. 
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How good at the game was I? 
o 
I wasn 't yer~' 
good at all 
2 
I wasn't 
good 
3 
I was quite 
good 
i 
6 
I was 
good 
7 8 
I was really 
good 
Figure 5.3: Rating of perceived competence (RPC) scale 
Experimentation 
9 10 
I was reaU~' , 
reall~' good 
After completing the RPE scale participants are asked to use the RPC scale to rate how good at the 
game they thought they were. As with the OMNI scale they are asked to circle a number that best 
corresponds to how they felt. 
RPC instroctions 
A definition of perceived competence and set of instructions specifically for children was given to all 
participants (Appendix F.). It was stated that there was no right or wrong artswers but that they should 
answer honestly. It was also pointed out that they could use any number on the scale, and that if they 
wanted to they could circle the number that they gave previously. 
Anchoring 
As with the RPE scale, it is important to provide participants with an understanding of the fu ll range 
used on the RPC scale. In addition to the verbal and pictorial anchors on the scale, participants were 
told that they should try to remember experiences when they were not very good at particular activity, 
in which case they would circle '0' on the scale, and also an activity when they thought they were 
really, really good, therefore, circling ' 10'. 
5.6.3 Measuring perceived enjoyment 
Weiss (1987) states that children will be more inclined to participate in physical activity if they 
perceive it to be enjoyable, and the chances of continued participation will be increased by enhancing 
their intrinsic motivation (Carroll & Loumidis, 200 1). Enjoyment provides an immediate 
reinforcement for being physically active and so Motl et al., (200 1) states that interventions designed 
to increase physical activity should focus on promoting enjoyment. A randomized controlled study 
directly showed that increased enjoyment resulted in increased physical activity among adolescent girls 
(Dishman et aI., 2005). It is anticipated that by enhancing the enjoyment of a particular physical 
activity it may decrease the appeal of alternative sedentary activities such as watching television, 
telecommunicating, or playing video games (Moll et al .• 200 1). 
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Creation of scale 
The Physical Activity Enjoyment Scale (PACES) (Kendzierski & DeCarIo, 1991) has been used in 
some studies to differentiate between the experiences of exercising in pleasant versus unpleasant 
conditions and between modes of physical activity. Tbe study provided preliminary evidence of the 
reliabili ty and validity of the scale. Other studies generally use 5 point Likert-scales, however, all are 
yet to be full y validated. To remain consistent with the RPE and RPC scales, a new 0- 10 point rating of 
perceived enjoyment (RPEn) scale was developed (see Figure 5.4). The scale closely matcbes the 
format and layout of the OMNl scale ensuring consistency and coherence during all user trials. 
Although not full y validated the scale allows children to quickly evaluate their levels of enjoyment 
with the aid of simple diagrams and key descriptors 
Did I enjoy the game? 
® 
o 
Didn' t enjoy 
it at all 
2 
Enjo)'ed 
it a little 
3 
® 
4 
Quite 
enjoyed it 
i 
6 
Enjoyed 
it 
7 8 
RellU~· 
e.njoyed it 
Figure 5.4: Rating of perceived enjoyment (RPEn) scale 
Experimentation 
9 10 
RellU" reaD" ., ., 
enjo~'ed it 
Once the RPC scale has been completed, the last parameter to be assessed is RPEn whicb asks 
participants whether they enjoyed the game. As wi th the first two scales, participants are asked to 
circle a number. This parameter is seen as the most important as most children participate and continue 
to participate in pbysical activity because of the intrinsic enjoyment experienced. 
RPEn instructions 
A definition of perceived enjoyment and set of instructions were given to all participants. It was 
emphasised that there was no right or wrong answers but they should answer honestly. 
Anchoring 
Similar to the first two scales, the full range of the RPEn scale was explained to participants so that if 
they really didn ' t enj oy the game, then they should circle '0 ' , but if the really, really enjoyed the game, 
then they should circle ' 10'. To assist their understanding they were asked to try to remember an 
activity that they didn't enjoy, along with an activity that they had really enjoyed permitting them to 
compare experiences. The full set of instructions is given in Appendix F. 
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5.6.4 Product evaluation questionnaire 
Participants were asked to fill out a short product evaluation questionnaire once they have completed 
their last test session (see Appendix E) . The questionnaire consists of seven questions. The fi rst two are 
open ended, asking the participant what they ' liked ' (QI) and 'disliked' (Q2) about the device. 
Question 3 asks participants to rank each session starting from their fa vourite to least favourite. This 
provides direct comparison between game types and enables evaluation for liking of particular game 
types. The next four questions are aimed at trying to gain an understanding of the MTR in relation to 
traditional outdoor playground equipment (TOPE). Question 4 asks, ' during the summer holidays how 
often do you play on traditional playground equipment?' Examples of the most popular pieces of 
equipment are given in the question for reference. The four answers available are 'more than once a 
week', 'once a week', 'once a month' and 'never'. The next question asks whether the presence of the 
new device would encourage them to play at playgrounds more often. The five possible answers range 
from 'defirtitely yes' to 'definitely no'. The responses provide opinions as to whether the device would 
attract them to a playground environment. The following question asks whether the new device is 
better than TOPE. Again, the possible responses range from 'defirtitely better' to ' defirtitely worse'. 
Even though the device is at the prototype stage asking the question is still of interest as the game 
concept is the same and so can be referred to during further development. To complete the 
questionnaire an open ended question asks 'how could the new device be improved? ' The responses 
should draw attention to any significant aspects that can then be addressed during the final design. 
The language used and type of questions asked has been kept as simple as possible due to the 
relatively young age and unknown literacy skil ls of the participants. It has been stated that for children 
aged above 10 years old the language and style used should be suitable for 7 year olds. [f there are any 
questions that the participants do not understand, an investigator will be present to assist them. 
The answers to the questionnaire may highlight issues that are difficult to appreciate from an 
adult perspective. The questionnaire will assist in the analysis of the enjoyment of different game 
settings along with enabling comparison wi th current outdoor play opportunities. 
5.7 Conclusions 
This chapter details the procedures necessary to thoroughly investigate the appropriateness of the 
device and to document users' interaction with the game. In order to achieve this, experimentations 
aims were outlined early on along with the practical and legal issues of evaluating children involved in 
physical activity. Protocol design focused on the most appropriate methods to assess participants' 
responses to different games. To gain va luable insight, without generating superficial results, three 
subtly different games based on intensive, prolonged and prolonged feature play were devised. The 
measurements to be taken before, during and after the physical activity were comprehensively 
discussed with the creation of scales to rate psychological parameters. This robust procedure of 
profiling of participants' interaction with the device should enable concise analysis in order to address 
the aims of the research. 
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Chapter 6 
Main test rig experimentation 
Development of the new electronic outdoor play device (EOPD) combines the interactive nature of 
video gaming with traditional outdoor playground equipment (TOPE). Uniting interactive play with 
playground equipment opens up various new possibilities and modes of play. The design process up to 
this point focused on developing a main test rig (MTR) that promotes body movements which activate 
high levels of muscle mass in order to maximise energy expenditure during an interactive game. The 
experimentation process measures the psychological and physiological responses of children playing 
on the MTR. This chapter presents the experimentation required to assess these responses and details 
the product evaluation process. 
The aims of the experimentation were to: I) Establish the exertion levels and enjoymeOl 
experienced by children playing on the MTR. 2) Evaluate the effects of game settings on levels of 
exertion and enjoyment. 3) Evaluate if any differences exist in the data between male and females 
when playing on the MTR. 
6.1 Experimental methodology 
For high repeatability the experimentation methodology has been meticulously planned and structured 
(see Chapter 5 for more details). This section provides specific details on participant characteristics 
and testing environment with a brief overview of the experimental design, procedures and equipment 
setup. Loughborough University Ethical Advisory Committee approval and informed consent from 
both parent/guardian and participant were sought prior to commencing the experimentation. Physical 
education teachers and same sex investigators (as the participants) were present at all times during the 
experimentation. 
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6.1.1 Participants 
Twenty seven (10 male, 17 female) healthy and physically active children volunteered to participate in 
the experimentation. Table 6.1 provides the physical characteristics and Physical Activity 
Questionnaire for Adolescents (PAQ-A) score for the group while Table 6.2 gives the data based on 
gender of the participants. 
Table 6. 1: Mean & S.D. for participant characteristics 
Variable Mean S.D. 
Age (years) 
Height (cm) 
Weight (kg) 
Body Mass Index (kg·m-2) 
HR",. (beats'min" ) 
PAQ-A 
11.4 
151.7 
45.6 
19.6 
82.4 
3.2 
0.6 
7. 1 
11.1 
3.6 
13.7 
0.7 
Participants mean age was 11.4 years with a mean he ight of 151.7 cm and weight of 45 .6 kg. A group 
PAQ-A mean of3.2 is very similar to the values recorded by Kowalski e l aI. , (1997b) for 85 children 
of the same age (mean 3.23, S.D. 0.78). 
Table 6.2: Mean & S.D. for both male (m) & female (0 participant characteristics 
Variable m S.D. f S.D. 
Age (years) 11.4 0.5 11.4 0.7 
Height (cm) ' 148.2 7.5 ' 153.8 6.2 
Weight (kg) 42.9 11.4 47. 1 10.9 
Body Mass Index (kg·m") 19.4 3.8 19.8 3.6 
HR",. (beats'min") '71.0 8.3 ' 89.2 11.7 
PAQ-A 3.0 0.8 3.3 0.6 
• Significant difference between male and females 
Female participants were significantly taller (153.8 vs. 148.2) and had a significantly higher resting 
HR (89.2 vs. 71.0). Mean Body Mass Index (BM!) of 19.4 kg· m" for males and 19.8 kg·m" for 
females classifies both groups as normal, below the thresholds developed by Cole el al., (2000) of 
overweight 20.9 kg· m" for males and 21.2 kg·m" for females . 
6.1.2 Testing environment 
Testing was conducted on four occasions at three locations: two based indoors at school sports halls 
(Figure 6.1) and one based outdoors on a swept tarmac surface. Air temperature was 21-25°C indoors 
and 2 1-28°C outdoors. Huntidity was 32-48% indoors and 28-35% outdoors. Participants were asked 
not to participate in vigorous physical activity (VPA) or consume food 2 hours prior to tile start of the 
experimentation. 
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Figure 6.1 : Main test rig equipment setup based indoors & outdoors 
6.1.3 Experimental design synopsis 
The experimentation comprised of each participant playing on the MTR for three sessions each lasting 
5 minutes. For each of the three sessions the game settings were altered and chosen to simulate an 
intense game (A), a prolonged game (B) and an intense game with prolonging features (C) (see 
Chapter 5 for in depth discussion on games settings). The following flow charts give an overview of 
the game structure and settings for game type A & B (Figure 6.2) along with game type C (Figure 6.2). 
6.1.4 
Game A & B A: 4000-(hits x SO) mill iscc. 
;Ql.~_;hi.t§.x :l~>-miJJi~~f 
8 -.! Command 1 ..... 1 <9> 1 ..... , Game oYer ) ..... [ Da la file I 
L ····· · ·········r;;~·· · ···' no ~~~~~~~~~~~1~( ~Jjts + 1 I 
A: 1 .2~O-(hits x :1'0) milli. ec. 
G1tme C 
B: 1 .~OO-(hi15 x ~O) millis« . 
4000-oU15 X !!iQ) nulhsec 
Comm and 1 -... [h-·-~-"'l 
• :.----- ......... -- ........ --- .. ; no 
1 • yes 
C~~~~~~J I ruts + 1 ) 
yes 
FruI"-Q 
( Data file) 
J2S0-9~tlI x SO) I ye, 
Inlilisec t 
L...----r·R~~·~~~~ -~·~:;d · -~ 
... _-- .......... _-- .... . . 
5000 nulhtec 
Figure 6.2 : Flow chart of the game settings for game types 
Procedure 
The experimentation procedure is presented in Figure 6.3 in the form of a schematic timeline showing 
the process each participant followed. Approximate tinles are included to quantify the rest and active 
periods. 
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Figure 6.3: Schematic of experimentation process 
Initial procedures 
A maximum of six participants were tested on each occasion to ensure all procedures were followed 
correctly. On first meeting, participants were introduced to all investigators and the aims of the 
experimentation were explained. A demonstration of the game was then given. This ensured all 
participants knew exactly what was expected of them and ample opportunity was given for participants 
to ask questions or withdrsw. 
Anthropometric measurements 
Following the game demonstration, anthropometric data was recorded for each participant. Height was 
recorded using a stadiometer (Seca Ltd, Birmingham UK) and body mass was measured using a TBF-
612 Tanita electronic scale (Tanita Corp., Tokyo, Japan). Relevant health information was gathered via 
a health screening questionnaire distributed previously for parents/guardians to complete ensuring 
participants with health concerns were excluded. Participants then completed a questionnaire (see 
Appendix E) which documents physical activity levels during the past 7 days. The questionnaire 
required approximately 15 minutes to complete providing an excellent opportunity to ensure all 
children were qniet and calm. Resting HRs were then taken during the 5 minute that followed while 
participants were seated ensuring values were as close to true resting values as possible. It is however 
acknowledged that they are not basal HRs. 
Familiarisation with equipment 
Once resting HR had been recorded, participants were allowed to play on the MTR without 
performance parameters being recorded. These familiarisation periods ensured participants could 
reach/activate all switches and understand the audio commands. Participants played until a score of 20 
consecutive correct hits was reached, upon which, they were deemed fully able to operate the MTR. 
Anchoring of the scales 
Before the sessions commenced an introduction to each rating scale was given and participants were 
informed as to why each scale was used and how to use them correctly. All participants were using the 
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scales for the first time and so it is necessary to establish anchor points. Participants were instructed to 
use the perceived exertion (RPE; see section 5.6.1), perceived competence (RPC; see section 5.6.2) 
and perceived enjoyment (RPEn; see section 5.6.3) scale by listening to a set of modified instructions 
(see Appendix F). Using this strict procedure ensured all participants received consistent instruction on 
how to evaluate each parameter. 
Exercise sessions 
As previously stated, the exercise consisted of three bouts of continuous game play each lasting 5 
minutes, with the game settings altered for each session. Precautions were taken to ensure that there 
was minimal ambient noise, and that verbal encouragement was only given between audio commands, 
so as not to distract users. Participants were told when 30 seconds remained in the session and were 
then asked to stop when the 5 minutes were up. After a game had ended participants were then asked if 
they were okay to carry on and, if so, a new game would be initiated within 30 seconds. All games 
lasted less than 5 minutes therefore subsequent games not completed before the end of the session were 
eliminated from statistical analysis. Out of a total of 180 games played the number of complete games 
account for 133. Immediately after each session, participants used the scales to rate RPE, RPC and 
RPEn. A minimum of 10 minutes rest was given before further sessions to ensure an adequate 
recovery. Once participants had rated their fina1 session they completed the product evaluation 
questionnaire (see Appendix G). 
6.1.5 Physiological measurements 
A polar team system (polar Electra Oy, Kempele, Finland) was used to monitor HR at 5 second 
intervals during each session. The following HR parameters were used for the analysis: 
• Resting HR (HR,.,.) - calculated by taking the lowest mean value, over I minute, during the 
designated rest period prior to any physical activity. Measurements were recorded while 
participants were seated. Parameter taken to enable calculation of heart rate reserve. 
• Mean HR (HR....) - determined by taking the mean of the HR values from commencement to 
completion of the test session. The test sessions lasted 5 minutes unless participants were 
unable to continue or withdrew before the end of the session. Calculated in order to define the 
overall level of intensity for the session. 
• Peak HR (HR...0 - obtained by taking the highest HR value attained during each active 
session. Peak HR was recorded to illustrate the maximum intensity level of the play. 
• Steady state HR ~) - calcnlated from the highest values attained during each session for 
a period of I minute. The term 'steady state' is used in this instance even though the game 
settings are incremental in nature. Therefore a true steady physiological state is difficult to 
assess. A practical approach was taken to determine the highest values over I minute of the 
game. 'Steady state' HR was calculated in order to represent the sustained intensity level. 
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• 'YoHR Reserve (HRR) - defines the intensity of play for each individual and calculated by 
using the highest peak HR, achieved by participants during the experimentation, their resting 
HR and used in following adapted fonnula (American College of Sports Medicine, 1991): 
6.2 Results 
6.2.1 Statistical analysis 
%HRR _ (HR - HRrest) 
(HRpeak - HRrest) 
Equation 6.1 
Statistics analysis was perfonned using independent t tests to identify any significant differences 
between the sexes with regards to physical characteristics, psychological ratings, physiological 
responses and game perfonnance parameters. Results from Levene's test were first examined to 
detennine whether equality of variance existed. If Levene's test was non-significant (i.e. p > 0.05), 
equal variance was assumed and if significant (i.e. p < 0.05) violating the assumption, equal variance 
was not assumed. 
To analyse the differences between the game type and the difference between sexes; a one-way 
repeated measures analysis of variance (ANOV A) was conducted. To establish whether conditions for 
sphericity were met, results from Mauchly's test were examined. IfMauchly's test was non-significant 
(i.e. p > 0.05), variance of differences were not significant and no corrections were needed for F-
values. However, if the test was significant (i.e. p < 0.05) conditions of sphericity were not met, as a 
means of correction Greenhouse-Geisser F-values were used. Significant F values (p < 0.05) were 
examined using Bonferroni-adjusted post hoc analysis. Statistical analysis significance was set at a 
level ofp < 0.05. All analysis was perfonned using Statistical Package for Social Sciences 14.0 (SPSS 
UK Ltd, Woking, UK). 
6.2.2 All game data 
Table 6.3 presents data from all sessions giving overall mean and standard deviation (S.D.) for the 
psychological ratings, physiological responses and game perfonnance. Particular attention should be 
given to RPE which was low in comparison to the high HR ..... and HR,.... responses. Mean RPC is 
high (7.4 out of 10) while mean RPEn is higher (8.8 out of 10). S.D. for the three rating parameters are 
low (2.1 for RPE, 1.7 for RPC and 1.4 for RPEn) denoting that most participants gave quite similar 
ratings. HR,.... was high (191.9 beats'min"), constituting 96% of what is considered a maximum HR 
for cliildren in this age group (200 beats'min"; Stratton, 1996). HR,...." is also high (92% of 
maximum) indicating that VP A is sustained for a period of 1 minute. HRm= is slightly lower at 168 
beats'min" (84% maximum), which was to be expected and results from a delayed HR response and 
the lower starting intensity of the game. The game parameters show that participants failed to activate 
a switch when they had 2.2 seconds available despite the mean reaction time being 1.7 seconds. The 
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mean number of hits shows participants activated close to 46 consecutive switches and that a game 
lasted for a mean duration of nearly 2 minutes. 
Table 6.3: Mean & S.D. of results for all sessions 
Variable Mean S.D. 
RPE (exertion) 5.2 2.1 
RPC (competence) 704 1.7 
RPEn (enjoyment) 8.8 lA 
Rest periods (mm:ss) 27:11 09:49 
~ (beats'min") 191.9 11.7 
HRm..!,. (beats'min") 183.1 12.8 
HR,."", (beats'min") 168.2 18.0 
%HRR"..." 91.7 3.5 
%HRRmean 75.6 11.7 
Time at failure (ms) 2178.7 532.2 
Reaction time (ms) 1663.1 143.3 
Game score 421.6 192.0 
Number of hits 45.7 18.1 
Game duratiolJ. (mm:ss) 01:58 00:43 
Perceived exertion 
When evaluating the data as a whole, the mean RPE of 5.2 falls on the scale between 'Getting more 
tired' for a rating of 4 and 'Tired' for a rating of 6. According to the published data for children 
(Robertson, 2004) a rating of 6 corresponds to the anaerobic threshold. Although not specific for 
children, a rating of 5 corresponds to a percentage of HRmax of 55-69 (see Table SA), considerably 
lower than both the HR"..." (92%) and HR,..." (84%), recorded during the experimentation. 
Research by Utter et al., (2002) found that children aged 9 to 13 years old who ran at 
approximately 70% of their Y02""" achieving a HR of 170 beats·min·' gave an OMNI RPE of 6.1. A 
study by Robertson et al., (2000) investigated children (aged between 8 and 12) cycling at four discrete 
intensities developed a linear regression equation for RPE against HR (R2 = 0.86). Therefore, children 
with a HR of 168 beats'min" would have a predicted RPE value of 8.8. 
Research by Bar-Or (1977) in the mid-1970s on some 1,300 males, 7 to 68 years old showed 
that exercising at a certain physiologic strain is perceived to be easier by children than by older 
individuals and subsequent studies have confirmed that RPE at a given %HR""" is lower in children 
than adults. However, studies by Mahon et al., (1997) contradict this as they observed that the RPE at 
approximately 80% of maximum HR was no different compared to adults. Research does suggest that 
during short bursts of exercise (i.e. up to 10 mini children's RPE is lower, although, children seem to 
have a faster rise in RPE during prolonged exercise of 15 min or more (Robertson, 2004). 
The low RPE obtained can not be related to children's ability to recover faster than adults 
following a strenuous physical task as participant's RPE was taken straight after completion of the 
session. One explanation for such a large discrepancy between actual and predicted values is that 
participants did not use the scale correctly, even though all the procedures were followed closely. A 
more likely explanation is that they perceived the exertion to be lower than during normal exercise 
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modes studied, i.e. treadmill and cycle ergometer. Playiog on the MTR has been designed so that 
repeated, high intensity bursts of movements are necessary which could account for a lower rating as it 
is known that the perceived effort varies according to whether the exercise is intermittent or continuous 
(Robertson, 2004). Children are more inclined to be involved in physical activity requiring short, 
intensive burst of movements as it closely resembles their natural play patterns (Bailey et al., 1995). 
Further, the interactive nature and feedback obtained during playiog on the MTR may have, as 
hypothesised, distracted users from the feelings associated with high-intensity, physical activity. When 
a participant is focused on listening for audio commands, and responding by activating associated 
switches, it is probable that less time is spent thinking about feelings arising from fatigne. 
Perceived enjoyment 
Measurement of enjoyment was the most important rating taken during the experimentation. If children 
enjoy an activity they are much more likely to engage in physical activities and be motivated to 
perform well (Biddle, 1999). Based on a integer scale from 0 to 10, with 0 referring to 'didn't enjoy at 
all'to 10 referring to 'really, really enjoyed it', enjoyment levels recorded for all the participants were 
extremely high (8.8 out of 10), This score falls between 'really enjoyed it' and 'really, really enjoyed 
it'. The feelings of pleasure, associated with playiog on the MTR, suggest that participants would, 
more than likely, continue playiog on the device. 
Perceived competence 
Competence ratings were high (7.4 out of 10; falling between '1 was good' and '1 was really good') 
especially taking into account that participants only played a small number of games. 1bis implies that 
the straightforward gameplay ensures participants become familiar with the MTR quickly and that the 
game settings allows them enough time, during the initial stages of the game, to improve without 
premature failure. Experimentation conducted on the PoP-Rig showed that the game settings used in 
that instance were too difficult resulting in early failure, and so, by using knowledge based settings the 
period of play was extended thus promoting perceived competence. Research has shown (Biddle, 
1999) that a child's perceived competence positively influences their participation and adherence to 
physical activity. 
Game intensity 
HR values demonstrate that to play on the MTR required VP A (i.e. above 75% of HRR) during a 
complete 5 minute session. HR"... rate was very high suggesting that the incremental nature of the 
game challenges participants before failing to activate a switch within the allotted time. The high HRs 
suggest that there is a sizable anaerobic contribution to total energy expenditure and so any estimations 
based solely on aerobic systems will provide a good insight but under report the true values. It is 
increasingly recognised that to increase cardiovascular fitness, individuals have to train at intensities 
that will induce the highest level of oxygen consumption over a relatively short period of time, i.e. 
'severe' or supramaximal intensity (Tolfrey, 2007). Massicotte & MacNab (1974) conducted one of 
the only studies that systematically manipulated exercise intensity to identify a training threshold 
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amongst males aged between 11-13 years. During the study 3 separate groups, consisted of 9 males 
trained for 12 minutes, 3 times a week, over a 6-weekperiod, with HRs at 130-140,150-160 and 170-
180 beats·min·' and compared them to a matched control group who did not train. The results showed 
that ouly the group who had exercised above 170 beats·min' (at least 88% of HR max) demonstrated 
an increase in YO,,,,,,,, (11 %). Although the individuals in the middle intensity group were exercising, 
on average, between -76% and 81% of their peak HR, only a 1% increase in their YO,,,,,,,, was 
recorded. This study showed the potential for children to experience a significant change in YO,,,,,,,, 
when exercising at a vigorous intensity similar to that reached by the children playing on the MlR 
during the experimentation. 
Game petfonnance 
The game performance parameters are discussed in Section 6.2.4 as they are dependent on game type. 
6.2.3 Data split by sex 
The data in Table 6.4 has been divided by gender to highlight any performance or physiological 
differences. To compare means for significant differences, independent t tests were performed. 
Analysis identified a statistically significant difference in %HRR", ... betWeen males and females but 
that there were no significant differences for any other variables, however, it should be noted that a 
marginally higher RPE, ~ and HR""dy can be seen for females. The game parameters show very 
similar performances for both sexes, including reaction time. 
Table 6.4: Mean & SD. of results for both male & females 
Variable m S.D. f S.D. 
RPE (exertion) 4.9 1.9 5.5 2.2 
RPC (competence) 7.8 1.8 7.1 1.6 
RPEn (enjoyment) 8.8 1.5 8.7 1.4 
~ (beats'min") 187.9 7.1 194.2 13.l 
HR.to..t" (beats'min") 181.5 7.9 189.0 14.3 
HR.,.." (beats'min") 168.4 11.8 168.1 20.9 
%HRR",..,. 92.3 3.8 91.3 3.4 
'YoHRR"", .. '81.6 7.1 '72.l 12.5 
Time at failure (ms) 2247.3 615.3 2130.3 462.9 
Reaction time (ms) 1657.4 155.6 1667.1 134.8 
Game score 492.7 196.5 501.0 211.0 
Number of hits 43.6 17.6 47.2 18.4 
Game duration (mm:ss) 01:53 00:42 02:02 00:44 
... significant difference between males and females 
By separating the data into results for male and female participants, no significant differences were 
found between any of the parameters except %HRRm"". This difference suggests that when 
physiological parameters are taken into account, females did not exert themselves equally with males 
during the complete 5 minute session, although it should be noted that %HRR",..,. was similar. This 
%HRR",..,. data suggests that when both sexes were engaged in continuous play, exertion levels were 
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similar. The fact that the results are so similar can viewed in a positive light as, it is known that, female 
participation levels in structured sports start to decline after adolescence and so the non sports-specific 
nature of the game is appealing. Indeed, although non-significant, female values were slightly higher 
than males for the mean number of hits achieved and the mean duration of the games. 
6.2.4 Data split by game type 
To investigate the effect of different game settings on participant responses and game performance, the 
data (Table 6.5) was separated based on the game type: game A (intense), game B (prolonged) and 
game C (intense with prolonging features). To reduce the effects offatigue and motivation games were 
ordered according to a Latin square. A one-way repeated measures ANOVA was used to evaluate 
significant differences. Significant differences for all the game parameters (p < 0.05) were observed 
between game A and game B, game B and game C, but not for game A and game C. No statistical 
differences were found for the psychological ratings or physiological responses. 
Table 6.5: Mean & S.D. of results for each ~ame ~e 
Variable A S.D. B S.D. C S.D. 
RPE (exertion) 5.0 2.0 5.2 2.4 5.6 2.0 
RPC (competence) 6.8 1.9 7.6 1.5 7.6 1.6 
RPEn (enjoyment) 8.5 1.5 8.8 1.6 9.0 1.3 
IIR"... (beats·min-I ) 190.4 12.1 193.2 10.6 192.0 12.5 
IIR.te.rl" (beats·min· l ) 183.1 13.7 188.5 11.6 186.9 13.0 
HR ..... (beats·min-I ) 165.9 18.2 169.8 15.7 168.8 20.1 
o/oHRR.t...t,. 88.6 6.3 92.9 4.5 91.4 6.0 
%HRR""", 71.7 14.1 75.5 10.0 73.8 15.9 
Time at failure (ms) 2154.5 433.3 12507.2 665.5 1997.9 452.3 
Reaction time (ms) 1662.5 152.1 11707.5 152.1 1635.5 138.6 
Game score 324.3 71.3 1725.3 162.2 343.7 72.2 
Number of hits 36.9 8.7 170.9 18.8 40.0 9.2 
Gamer duration (mm:ss) 01:32 00:18 103:00 00:41 01:50 00:22 
Ip <O.()()l between game A-gameB & game B- gameC 
When categorised by game type, the data showed no significant differences in any parameters, except 
game performance. It is probable that to see any significant differences between the game types, a far 
greater difference in the game settings would have to be implemented. Game performance results did 
show that there were significant differences depending on game type. Differences occurred between 
game type A and type B and between type B and type C. There was no significant difference between 
game type A and C. Game type B was set to prolong the game play which was successfully achieved 
by almost doubling the duration of game type A. Game type C included rest periods and an extra 'life', 
thereby prolonging game duration over game A but not over game type B. The analysis showed that 
there was a significant difference in reaction times between game type C and the other two but not 
between game type A and C. The increased reaction time suggests that by prolonging the game 
participants may experience increased fatigue slowing their reaction speed and movement to activate 
the switch. This is not substantiated by a higher RPE or HR data, although this was measured over the 
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entire session rather than for each particular game. As expected, by prolonging game B, the score and 
number of hits proved significantly higher than for game type C. 
6.2.5 Data split by game type and sex 
The data has been categorised by game type with participants being split into groups; male and fema le 
in order to analyse differences resulting from game settings (mean and standard deviations are 
presented in Table 6.6). Independent t tests were performed to investigate significant differences 
berween males and females for each game type while repeated measures ANOV A was conducted to 
evaluate significant differences berween game types for each gender. 
Table 6.6: Mean & S.D. of results for each ~ame !rEe sElit b:!: ~ender 
Game A GameS GameC Variable 
m S.D. f S.D. m S.D. S.D. m S.D. f S.D. 
RPE (exertion) "4.6 1.2 5.3 2.3 4.9 2.3 5.5 2.3 cS.6 1.7 5.6 2.2 
RPC (competence) 6.9 2.0 6.7 1.9 8.2 I.S 7.3 1.5 8.2 1.8 7.4 1.5 
RPEn (enjoyment) 8. 1 1.2 8.7 1.6 8.6 2. 1 8.9 1.3 '9.6 0.7 '8.6 1.5 
HRp.u(bealS·min") 185.8 7.3 193.5 11 .4 181.8 7.8 195. 1 11.4 188.9 7.5 192.5 16.0 
~ (beats-min") 177.0 8.5 186.6 16.1 182.1 7.4 190.9 12.8 183.0 7.7 187.9 16.6 
HR_ (beats-min") 162.4 14.8 166. 1 20.9 167.6 9.3 169.7 17.4 171.0 9.5 164.9 26.5 
HRR...." 88. 1 6.5 88.9 6.5 92.6 3.4 93. 1 5.3 93.2 3.6 90.3 7.0 
HRRo- 75.8 11 .2 69.2 15.5 80.3 6.6 72.6 10.9 '83.1 5.5 '68. 1 17.7 
Time at failure (ms) 2153 .3 222.8 2103.4 285. 1 2513 .8 663.9 '2369.3 465.7 1996.3 526.7 41942.6 242.5 
Reaction time(ms) "1678.3 145.0 111644.5 128.6 '1698.0 119.5 111716.0 124.3 od1584.S 149.0 1663.5 126.1 
Game score '3 19.3 42 .6 11336.3 51.5 bo.I724.5 157.4 bd760.7 115.4 d348.7 71.5 d348.4 48.3 
Number of hits 1136.7 4.8 1137.9 5.7 "'70.2 18.3 bd75 .5 12.4 d40.0 10.6 d41 .1 4.6 
Ounltion (mm:ss) '0 1:33 00: 10 '01 :33 00: 11 "'02:57 00:39 "03: 12 00:26 '01:47 00:26 '0 1:54 00:09 
signi ficant difference between males and females for that panicular game type 
It = significant difference for this gender between game type A & B 
c: =' significant difference for this gender between game lype A & C 
d;; significant difference for this gender between game type B & C 
~ = significant difference for this gender between all game types 
During the follow:ing section the data has been split by game type and sex which is presented in 
graphical format to illustrate the trends. Figure 6.4 (left graph) shows that RPE, RPEn and RPC are 
relatively consistent for both sex and game type, with the exception of male enjoyment which is 
significantly higher for game type C. 
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Figure 6.4: Male & female ratings of exenion, competence & enjoymentIHR for game types 
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The HR data presented in Figure 6.4 (right graph) demonstrates similar trends for both males and 
females over the 3 game types, with the exception of HRm= for males whicb is seen to surpass that of 
females for game type C but is not significant. 
The HRR data in Figure 6.5 (left graph) takes into account participants' individual 
pbysiological differences (i.e. HR,..). It can be seen tha~ for game type C, %HRR""", for females 
reduces significantly in comparison to males. 
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Figure 6.5: Heart rate reserve and game performance times for males & females for eacb game type 
Figure 6.5 (right graph) gives the data for reaction time and time at failure. Tbere were no significant 
differences between genders for either reaction time or time at failure for each game type. A significant 
difference was observed for reaction time in males for game type C over the other two game types but 
not in time at failure due to large standard deviations. For females, a significant difference was 
observed for time at failure between game type B and game type C. In addition, a significant difference 
in reaction time existed between game type A and game type B. 
Figure 6.6 presents the game data for score, duration and hi ts on a logarithmic scale for ease of 
comparison. It highligbts the significant differences between game B and the other games. The tightly 
grouped data for tile performance measurements, over all game types, emphasises the similar 
achievements by both female and male participants. 
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Figure 6.6: Game performance parameters for males & females for each game type 
6.2.6 Questionnaire results 
The results from the product evaluation questionnaire are presented in the following section. The 
questionnaire contained three open ended questions (question I, 2 and 7) and four multiple choice 
questions (question 3, 4, 5 and 6). Results from the open ended questions are presented by ranking the 
number of times a particular word or feature is mentioned. Multiple choice questions are tabulated by 
the number of times an answer was given. Question I prompts participants by beginning; ' What 1 liked 
about the device was ... ' The results of the most repeated responses are presented in Table 6.7 in 
descending order. 
Table 6.7: Responses to QI ranked by number of times mentioned 
Likes # Responses 
Fun 14 
Good exercise, energetic 11 
Game 5 
Makes me think 4 
Run 4 
Challenging 3 
Speed 3 
The data from the questionnaire suggested that participants on the whole found playing on the MTR an 
enjoyable physical activity. From question I, 'fun' was the most popular word closely followed by the 
terms 'good exercise/energetic'. On a number of occasions participants stated they were being made to 
'think while exercising' and that the MTR 'chal/enged them physical/y'. Participants also mentioned 
that they liked 'interacting with the game'. In addition, some participants said that they liked the 'look' 
of the MTR while others mentioned that they were fond of the 'unpredictable' nature of the game. 
Question 2 prompts participants by beginning; 'What 1 disliked about the device was ... ' The 
results of the most repeated responses in descending order are presented in Table 6.8. 
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Table 6.8: Responses to 0 2 ranked by number of times mentioned 
Dislikes 
Nothing 
Tiring 
High buttons 
Makes me sweatyfhot 
Buttons hard 10 press 
Movement of frame 
Sound volume 
# Responses 
5 
3 
3 
2 
2 
2 
2 
The highest response when asked aboul the more negative aspecls of the MTR was ' noching' while 
others commented that it made them 'cired ', 'hot' and 'sweaty' . Surprisingly, many did not dislike 
anything about the device. A few participants highlighted body temperature or excessive perspiration 
due to the vigorous nature of play. Others felt that the button p lacements were 'roo high' or 'hard co 
press.' In order to ensure movements promoted a high range of motion the buttons were purposefull y 
placed in positions that require participants to fully extent, therefore, shorter participants may have felt 
that in comparison with their peers some buttons were difficult to activate. 
Question 3 asked participants' Which session did you prefer?' This question refers to a session 
rather than a particular game type as participants were not informed of the order or game settings. 
Game type C was predominately ranked ftrst, fo llowed by type B and then lastly, type A (see Figure 
6.7). 
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Figure 6.7: Responses to game type preference 
Results are calculated in a points matrix in order to compare the game types. Games chosen by 
participants as their favourite received 3 points whi le their leasl favourite was awarded only I point. 
Game identified by participants as their intermediate received 2 points. Some participants, however, 
only ranked thei r favourite (which has been included) or declined to answer. 
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When ranked by a points matrix taking into account all the responses, game type B scored the 
highest., followed by type C and with game type A coming in last. This suggests games which prolong 
the duration of play, enabling participants to score highly, are viewed more positively than games 
which are intense but may result in premature failure. 
To gain an understanding of participants' natural play habits, question 4 asks 'During the 
Slimmer holiday how often do YOII play on traditional playgrollnd equipment such as swings, slides and 
roundabouts ere?' Participants were required to tick one of the four answers provided. To determine 
whether the new device could potentially alter the narural play habits of the participants, question 5 
asks 'If the new device was available at your local park would it encollrage YOII to play there more 
often?' Participants were provided with five possible answers ranging from 'definitely not' to 
'definitely yes'. Question 6 required participants to directly compare the MTR with contemporary 
playground equipment by asking 'Is the new device better or worse than existing playground 
equipment?' Again, five possible answers were provided ranging from definitely worse to definitely 
better. Figure 6.8 presents the data collected from questions 4-6 depicting all the possible answers 
along with the actual number of responses. 
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Figure 6.8: Responses to play frequency & device comparison questions 
Results for question 4 showed that the majority of children played on TOPE 'once a week' or 'more 
than once a week,' suggesting that children visit playgrounds and play on TOPE regularly. Question 5 
asked whether the presence of the new device in the playground would encourage children to play 
there more regularly. The majority of participants responded with 'definitely yes' while none said 
'definitely not.' Question 6 required participants to directly compare existing equipment with the new 
device, all but four participants thought it was 'definitely better' while three of those thought it was 
'slightly better' . Even t1lOugh the device was still at the prototype stage, tbe positive responses in 
comparison to existing TOPE suggests the EOPD may persuade some children to engage in whole-
body interactive gaming in the playground. 
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To identi fy participants' views of the MTR question 7 asks 'How could the new device be 
improved?' The answers are presented in Table 6.9 along with, in descending order, the number of 
responses. 
Table 6.9: Responses to Q7 ranked by number of times mentioned 
Suggested improvements # Responses 
Nothing 
Louder sound effects 
More buttons 
Wires out of view 
Soft surface 
Different sound effects 
More stable frame 
No lights 
Higher buttons 
Protect frame 
Climbing equipment 
Indoors device 
Improve the look 
Brighter lights 
6 
5 
2 
2 
2 
2 
2 
I 
I 
I 
I 
I 
Question 7 asked participants how the MTR might be improved. The majority of participants 
responded with 'nothing' while other suggested that it could have more 'sound effects' and that the 
' volllme' should be increased when installed in a public park. Others suggestions included 'more 
switches' and switches placed 'higher up' on the device. These views \vi ll be taken into account during 
the detail design stage wbereby features such as the audio clarity/sound effects wi ll be improved and 
the activity switches finalised. 
Overall , responses to the questionnaire proved very favourable towards the MTR suggesting 
that, most importantly, if the EOPD was installed at a local play park it would encourage more children 
to visit more often. 
6.2.7 Horizontal distance covered 
Due to the nature of the game and layout of activity switches, participants cover a considerable 
horizontal distance within a very confined space. To provide a greater insight into the movement 
patterns, the estimated horizontal distance was calculated for a single game. Tbe total distance 
highlights the fact that participants have to accelerate and decelerate to activate switcbes, illustrating 
the high intensity of play within a perimeter measuring 4 metres in diameter. The game used for tbe 
calculation was from a high scoring game type B, where a part icipant achieved 80 consecutive hits in a 
time of 3 minutes 24 seconds. To calculate the total distance covered, the borizontal distance between 
all the possible switch combinations was measured which was then multiplied by the corresponding 
number of switch combination occurrences stored in the data file . The estimated total distance covered 
during this game was approximately 186 metres. This total is based on the minimum possible distance 
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covered j whereas in reality, the partic ipant could have covered more by moving back to the centre 
position or executing a wrong movement. 
6.3 Limitations of this study 
A number of limitations have been identified. The most apparent limitation is the number of 
participants. It would be desirable to conduct the experimentation with more than 27 participants 
resulting in greater amounts of data being analysed. In addition, equal numbers of males and females 
would be recruited to provide a more balanced analysis. 
Ideally participants would have an undergone maximal exercise in order to provide HR""" and 
perceived exertion anchor points to be established. Maximal exercise experimentation has been 
historically, conducted using treadmills or cycle ergometers and so the data acquired would not be 
entirely applicable to the exercise demands required to play on the new EOPD. 
The method used to obtain HR.w provided mean values that were within what is considered 
normal for the age group, however, for a few participants HR was higher than the average. This may 
have been due to anxiety felt prior to the start of the experimentation. In order to achieve a true 
representation of basal HR, monitoring should be completed overnight. This would provide values that 
give a better insight into the actual percentage ofHRR used during the experimentation. 
Although the majority of participants answered the product evaluation questionnaire correctly, 
question 3 proved difficult for some to understand. A more explicit explanation or different ranking 
method should be employed for future experimentation. 
Two parameters that would ideally be kept constant during the experimentation are air 
temperature and humidity. This would, however, require the use of a climate controlled laboratory 
which was not feasible for this study as a result of the size of equipment and the facilities available. 
6.4 Conclusions 
The experimentation provided an effective means of evaluating the MTR. Both male and female 
participants ' responses to game settings were evaluated in terms of game performance, psychological 
ratings and physiological demands. Randomisation of sessions and adequate rest periods ensured a\l 
parameters were accurately assessed. The findings with respect to the experimentation aims are: 
I) Establish the exertion levels and enjoyment experienced by children playing on the MTR -
Perceived enjoyment for the group was extremely high 8.8 (l.4 S.D.) which is also supported by 
the positive questionnaire responses. Perceived exertion was fairly low at 5.2 (2.1 S.D.) in 
comparison to the HR.,,,,,, value of 183. 1 beats· min" (12.8 S.D.) which corresponds to 9 1.7% 
(3 .5% S.D.) of HRR. Moreover, HRpw was very high, 19 1.9 beats·min", considering 200 
beats· min" is considered maximum for this age group. 
2) Evaluate the effects of game settings on the levels of exertion and enj oyment - No significant 
differences existed for psychological ratings or exertion data. Significant differences did however 
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exist between games types for game performance parameters demonstrating that game settings 
altered the user interaction. 
3) Evaluate if any differences exist in the data between males and females when playing on the 
MTR - Apart from a higher %HRR""", in males no other significant differences existed between 
gender. Further analysis of game types when split by gender illustrated that males exerted 
themselves to a greater extent in game C than females resulting in a higher enjoyment rating. 
The results exemplify the robustness of the game concept which is not heavily depeodant on game 
settings. A similarity between male and female values signifies a gender neutral design which has the 
potential to encourage physical activity amongst a wide population. 
For a healthy lifestyle children's physical activity should involve dynamic muscular 
contractions which stress the aerobic energy system (Robertson, 2004). Children's normal play 
patterns often involve short periods of moderate to high-intensi ty physical activity with intermittent 
periods of rest. The experimentation process has shown that when children played and progressed 
through the games vigorous physical activity was required. Encouraging children to sustain vigorous 
physical activity for prolonged periods may evoke a training stimulus. The participants' viewed their 
experiences on the MTR as both enjoyable and physically challenging, which could, therefore, 
promote continual physical activity adherence. 
During a female'S teenage years, levels of physical ac tivity decline as more sedentary 
alternatives are chosen (Arrnstrong & Van Mechelen, 2000). According to the competence motivation 
theoty, it is likely that females perceive sport and exercise as less enjoyable, in comparison to males, 
because of lower perceptions of their abi lity (Carroll & Lournidis, 200 1). Encouragingly, the females 
in this study perceived themselves to be as competent as males, also deriving high levels of enjoyment 
from the physical activity. Females spend less time participating in physical activity, and so fewer 
reach the recommended guidelines for physical activity. The non sports-specific nature of the new 
device does not demand the highly refined skills of athletes, thereby, making it more accessible to the 
general population. However, the movement patterns are vety similar to that seen during sports 
requiring intermittent activity with repeated bursts of near maximal-intensity exercise such as squash. 
This is confirmed by the similarity of this experimentation with studies by Kingsley et al., (2006) and 
Girard et al., (2005). Both assessed the physiological responses to a command based, incremental, 
exercise designed to simulate the typical movements seen during a game of squash. Kingsley et al., 
(2006) tested 8 young males (16 years mean age) and found that during a game of squash, HR values 
were 179 beats·min-' (S.D. of 13 beats·min·') with participants giving 14 (S.D. of 2) on a Borg 6-20 
RPE scale. During the squash replication protocol, HR mean values of 180 beats·min·' were recorded 
wi th a corresponding RPE of 17 (S .D. of 2). Although participants were older, this study exemplifies 
how similar playing on the EOPD is to the movements patterns required during a game of squash. 
Clearly, the children involved enjoyed playing on the MTR and the high intensity play 
incorporates a wide variety of movements activating many muscles groups, which, in turn, has tbe 
potential to promote cardiorespiratory development, muscular strength, muscular endurance. speed, 
power and flexibility. 
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Chapter 7 
Final design 
The aim of the research is to develop an electronic outdoor play device (EOPD) that simultaneously 
maximises energy expenditure and enjoyment whilst minimises perceived exertion of early-adolescent 
children. Unlike traditional outdoor playground equ;pment (TOPE), the EOPD is based upon the 
concept of an interactive game that involves whole-body movements. Previous chapters have detailed 
the need for such a device, the concept design process, prototype development and finally 
experimentation on the prototype. The experimentation stage established user's psychological and 
pbysiological responses to different game serrings as well as confmn;ng the appropriateness of the 
spatial layout. The results from the research up to this point are the source for the further development 
work requITed to ensure the EOPD is suitable for mass market. Consequently, this chapter describes 
the development work additional to the design phases covered in Chapters 2 and 4 conducted with 
Playdale Playgrounds Ltd (Cumbria, UK). Safety gu;delines are extensively referred to throughout this 
chapter in order to guarantee the engineering of a safe and robust device that can be installed, with 
confidence, across the UK. 
Since the previous prototypes were used as tools to investigate the original hypothesis, precise 
details may alter to accommodate safety guidelines and new features. This is not a dilution of the main 
aim, but, rather a necessity in bringing a product to mass market. Attention is focused on the design 
work required to improve functionali ty and address any issues concerrting usability that arose from the 
experimentation. 
7.1 Design methodology 
The design methodology employed was based upon Pugh's (1 99 1) 'Total Design Process ', as 
previously mentioned in Cbapter 2. With stages I to 3 complete, this chapter details stage 4; the design 
detail necessary to prepare the EOPD for full manufacture, ready for sale in the UK market. The 
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iterative nature of the design process has necessitated repetition of particular design phases as relevant 
information is discovered. 
7.2 Playground market investigation 
Although, in the main, manufacturers have been developing new products with minor improvements, 
there are indications that a few of the large manufacturers are starting to innovate in a way Dot 
previously observed . Limited infonnation has been found suggesting that advanced electronic outdoor 
play equipment is beginning to be developed. Kompan (Korsvangen, Denmark), the world 's largest 
playground manufacturer has released small amounts of information on a device which takes the form 
of digital floor tiles (Figure 7. 1). 
Figure 7.1: Layout of pressure sensitive floor tiles (www.kompan.com) 
Each tile has a built-in pressure sensitive piezoelectric sensor (brand name, f1exiforce), which 
measures static and dynamic force when stepped upon. Visual feedback is provided by light emitting 
diode (LED) located in the corner of the tile. The sensor is connected to a microcontroUer within the 
ti le which manages the behaviour of the tile. Each tile, 21 Omm x 2 1 Omm x 60mm in size, is encased in 
an elastomeric shell and can communicate with its four immediate neighbours Le. to its north, east, 
south and west side. The software is programmed to adapt games to suit different types of play. 
In addition, two recently developed interactive play devices have been launched in the VK. 
Both are shown in Figure 7.2 (a) and (b). 
(a) www.playneos.com (b) www.smartus.com 
Figure 7.2: (a) Playworldsystems' Neos" (b) Lappset's Smart Us" Playground 
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The Playworld Systems (Lewisburg, PA, USA) Neos consists of four interlinked towers each housing 
four buttons that light up randomly, requiring the user to activate them. Information is then displayed 
at the centre of the unit by means of a small electronic display. The Lappset (Rovaniemi, Finland) 
SmartUs playground incorporates an interactive computer screen with floor mounted switches, similar 
to a scaled up dance mat. Users can play a number of different physical games by interacting with the 
device via the grid system. Feedback is provided by the display and integrated speakers. In addition, 
cards can be obtained allowing communication with the device to exchange unique user information. 
Introduction of these electronic devices to playground environments iIJustrates the current 
significance of offering new accessible play opportunities and is encouraging as it emphasises the 
views of the author and Barbour ( 1999) in that COPE are, as a whole, underdeveloped with many not 
supporting the needs of less competent users, thus requiring new and inventive solutions to engage 
children to get them physically active. 
7.3 Research integration 
Research to date has provided a greater insight into whole-body, interactive, play. The fo llowing 
section outlines the primary design considerations that formulate the basis for the development of the 
final EOPD. Table 7. 1 contains the objectives for max.imising energy expenditure along with the 
proposed mechanisms employed and specific values. 
Table 7. 1: Objectives for maximising energy expenditure 
Objectives 
Directed exercise 
Execution of fuIJ movement 
Repetition of movements 
Rapid acceleration/decelerating 
Activate large muscle mass 
Large range of motion 
High intensity 
Reduce premature failure 
Prolonged duration 
Mechanisms employed 
Command based movement sequences 
Must activate each switch to progress 
Successive commands 
Movements performed within time limit 
Running horizontal distance 
High & low activity switches 
Progressive game intensity 
Extra lives 
Greater time allowances 
Values 
36 types 
6 switches 
~O hits 
'" 2 seconds 
4 metre dia. 
1.9 & 0.4 m 
2:1 hit 
2:1 life 
4 - 5 seconds 
Table 7.2 states the objectives for maximising perceived enjoyment with mechanisms and values. 
Table 7.2: Objectives for maximising perceived enjoyment 
Objectives 
Achievable goal 
Reward high effort 
Instant performance feedback 
Simple game concept 
Comparison with peers 
Improve personal best 
Provide learning curve 
Non-specific ski lls 
Increase perceived competence 
Mechanisms employed Values 
Complete game 35-70 hits 
Game score based on reaction time Formula 
Game levels after a number of hits ,,15 successive 
Audio & visual commands 6 commands 
Game score (on site, intemet) 
Skills improvements = higher score 
Greater time allowance at start 
Easy to operate activity switches 
Reduce chances of fail , game lives 
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Formula 
2:4 seconds 
6 switches 
2:1 life 
Table 7.3 details the objectives for minimising perceived exertion and how the EOPD will endeavour 
to achieve them. 
Table 7.3: Objectives for minimising perceived exertion 
Objectives 
Reduce repetition muscle usage 
Variatioo in muscle groups 
Disassociation stimulus 
Not focused on effort required 
Recovery after intense effort 
Intermittent play 
Simple movements 
Common movements 
Mechanisms employed 
Command generated require different movements 
Different activiry switch designs 
Sound effects, music, lights & LED display 
Concentration on interacting with game 
Recovery periods disguised as level changes 
Intense = running, active recovery = switches 
Easy to activate switches 
Running / side stepping 
Values 
Random 
;8 switches 
3-4 minutes 
~ seconds 
6 switches 
The following statements are extracted from participants ' responses to question 7 (Appendix G: 
Product evaluation questionnaire) on how the MTR might be improved. Each is addressed with a 
proposed solution. 
• Tiring/makes me sweat/hot/recovery needed - alteration of game settings to provide more 
recovery 
• Buttons hard to presslbuttons too high/colours/J/url hands - design detail on appropriate type 
of activity switches 
• Confusing - adjust game settings to improve learning process 
• Sound volume - adjustable volume control and higher powered speakers 
• Frame movement - permanent installation and load calculations to BS 1176 
7.4 Safety requirements 
British Standard BS ENl176-l 1998 (General safety requirements and test methods) specifies the 
requirements needed to protect children from hazards that they may be unable to foresee when using 
playground equipment. It states that "the dimensions and degree of difficulty of the equipment should 
be suitable for the intended users or age group" and that "the equipment should be designed so that 
risk involved in play is apparent and predictable by the child". 
Free height of fall is the greatest vertical distance from the clearly intended body support to the 
impact area below. The 'intended body support ' includes those standing surfaces to which access is 
provided. For a detailed account of the applicable components contained wi thin the British Standards 
see Appendix H. 
[ntelpretation of the above with respect to the EOPD: 
• Although climbing is possible using the protruding activity switch mount, it is not a ' clearly 
intended body support '. The EOPD and associated games are all based at ground level. 
Software, audio and visual display all encourage game players to remain at ground level. At 
no point, during any game, is climbing on the device advocated. 
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• The guidelines refer to an intended body support as a 'standing surface' - standing surfaces 
are typically classed as surfaces that allow the user to stand unaided, i.e. not holding on to any 
adjacent partS. The protruSion from the activity switch can only be stood on whilst receiving 
support from adjacent parts implying climbing rather than standing. 
• Although climbing is possible, 'access' is not provided as the step from the low to the mid 
clamp is greater than 400mm - approximately 600mm. The 400mm rule applies to ladders 
and other access points in an attempt to make them less accessible for children less than 36 
months old. 
• In respect to the definition of ' free height of fall ' the free height of fall for the EOPD is O.Om 
and, therefore, no surfacing is obligatory. 
7.5 Detail design 
Following the work completed in Chapter 4, this section focuses on the detail design required to ensure 
the EOPD is ready for full manufacture. Experimentation on the main test rig confmned that the spatial 
layout of the activity switches were indeed appropriate for children aged between II and 13 years old, 
thus, the main dimensions and frame design arrangement has been retained. 
Figure 7.3 shows Ule final CAD model complete with the definitive activity switches, centre 
console and integrated LED display. For commercialisation the EOPD has been named 'i.play' with 
the ' i' referring to the intelligent electronic aspect of the device. The activity switches have all been 
named with the prefix of an ' i' according to the type of operation. 
Centre console 
i.press 
i.stamp 
Figure 7.3: Final CAD layout of EOPD wi th centre console & activity switches. 
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Pipe sections, 76.2mm in diameter and cold rolled from '304' grade stainless steel have been used to 
construct the frame legs. Each leg has a bracket, welded to the underside of the tube, to allow the 
connection plate to be securely attached. This method pennits slight misalignment, which may occur 
during ground installation. 
7.5.1 Structural integrity 
One of the main design considerations, with regards the EOPD, is the structural integrity of the frame. 
By performing the calculations outlined in the British Standards (BS), the theoretical maximum force 
that the frame must withstand has been identified and physically tested for. The British Standard state 
that structural parts must resist the worst case loading condition and notes that no allowance for 
accidental loads, i.e. loads caused by fire, collision by vehicles or earthquake, need to be made. In 
addition, loads associated with fa tigue are, in general, much smaller than the loads calculated in 
combination, and so, playground equipment need not be verified. However, to calculate the worst case 
loading condition it may be necessary to remove loads causing favourable effects (i .e. moment forces 
cancelling each other out). The calculations and physical testing performed, in accordance with BS 
EN I 176 part I , are provided in Appendix l. 
7.5.2 Activity switches 
The following section provides the detail design required on activity switches for full manufacture. 
The fmal EOPD incorporates six activity switches but has been designed with the physical and 
software capability to connect nine if needed for future versions. To construct the fust activity switch, 
rapid prototyping was employed. Rapid prototyping makes it possible to create close tolerance, 
physical models from CAD using a laser sintered process. Lasers, driven by 3D CAD reference 
geometry, harden a material sensitive to ultraviolet light; gradually building up very thin layers until 
complete. In addition to the detailed CAD models produced (see exploded diagram Figure 7.4), this 
method of physical prototyping ensured all components could be assembled and operated before the 
outlay of further capital. 
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Name insen 
Speaker insen 
r::f/ ~_ LED uni ts 
Circuit board LED recess 
c:=::o ___ . 
Secunty bolts 
Mirrored 
Figure 7.4: Exploded CAD of activity switch with all common components. 
Four surface mounted LEDs, suitable for outdoor use, are housed within each activity switch. They are 
run at their highest intensity so that they can be seen during daylight hours. Linear bearings (lglidur G 
Flange Bearing GFM - 3032 - 12, IGUS) used on the push and pull activity switches are made from a 
self-lubricating composite polymer and are mounted in stainless steel bushes, meaning they can be 
interchanged wi th roller bearings for the rotation activity switch. Each activity switch contains a small 
speaker (Visation K 50 WP) to enhance the abi lity of users to sense the location of the switch during 
play. Five centimetres in diameter, the 2 Wan (maximum power) speakers are waterproof and well 
suited to outdoor environments as they can be operated in temperatures ranging from +60°C to -25°C 
and generally in unfavourable conditions (e.g. high humidity). Magnetic switches (MLX90248 in a 
SOT-23 package) which operate using the, non-contact, Hall Effect principle, were adopted as they 
have an extremely long life without requiring any maintenance. Sintered Neodymium disc magnets 
(4mm diameter by 2mm in length) are attached to the end of the axles so that, as the user operates the 
hand interface, the magnets trigger the switch. 
To provide a suitable level of resistance, a custom made spring was designed with a spring rate 
of 3.8N/mm. Made from 2.5mm stainless steel wire, with an inside diameter of 36mm, the spring 
mounts over the activity switch axle. Rather than incorporate any kind of mechanism, such as torsion 
springs, the rotational activity s\vi tches have a frictional fi t to provide resistance. As a result, the user 
has to input considerable work without the risk of releasing any stored energy. To further reduce tile 
likelihood of injUty, the mass of the hand interfaces have been kept to a ntinimurn, thereby, reducing 
inertia effects. All hand interfaces are constructed from Nylon with a tw in pack, polyurethane, textured 
coating. For the first version of the EOPD, linear and rotational activity switches were incorporating. 
Each activity switch is discussed in tile following section along with an exploded CAD assembly 
modeL 
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The 'i.spin· activity switch is installed in the high position and consists of a shaft mounted 
within roller bearings; one end provides the attachment for the circular hand interface while the other 
end houses 4 small magnets. As with all the activity switches, a highly visible name insen is mounted 
in the centre of the hand interface. 
Outer circumference; 142mm 
/ 
c::oo---
,;.t-" .. "j<'~ 
3';- ." ~-,~' .. ~~:.~' ~~ 
.. . -- , .' .. ....;-~ ~ I·.s'plni 
Figure 7.5; Exploded CAD & name insen for ' i.spin' activity switch 
Due to the high positioning (1.9 m from ground level), Table 4.12 lists the typical movements and 
associated muscles activated in order to reach the activity switch. Table 7.4 details the complex set of 
movements and related muscles required to spin the hand interface (see Appendix C for the 
identification of muscles) 
Table 7.4; Muscles involved in activating the ' i.spin' activity switch 
Movement 
Supination of the wrist 
Extension of the shoulder 
Flexion of the hand 
Primary muscles involved 
Biceps brachii 
Supinator 
Pectoralis major 
Latissimus dorsi 
Flexor digitorum superficial is 
Assisting muscles 
Brachioradialis 
Flexor digitorum profundus Lumbricals 
Flexor pollicis longus Interossei 
Flexor digiti minimi brevis 
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'i. stamp , is mounted in the low position on the frame. Operated by foot or by hand it requires a fInn 
inwards motion for activation. A central shaft, mounted within linear bearings, fooms the basis upon 
which to attach the foot interface while, at the other end small magnets are attached to trigger the 
magnetic switch. To provide sufficient resistance, and to return the switch to its starting position, a 
spring is mounted over the shaft. A dowel located at the side of the shaft, stops any excess motion and 
ensures the shaft cannot rotate. 
Outer circumference: 130mm 
-
Figure 7.6: Exploded CAD & name insert for ' i.stamp' aClivity swilch 
Positioned 0.4 m from the ground and chiefly activated by fOOl, Table 7.5 describes the movements 
involved and the associated muscles activated. 
Table 7.5: Muscles involved in activating the 'i.stamp' activity switch 
Movement 
Plantar flexion of the ankle 
Extension of knee 
Extension of the hip 
Primary muscles involved Assisting muscles 
Gastrocnemius 
Soleus 
Quadriceps 
Gluteus maximus 
Hamstrong muscles 
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Plantaris 
Tibialis posterior 
Flexor hallucis longus 
Flexor digitorum logus 
Tensor fasciae lalae 
'i.push' and ' i.press' use the same component arrangement meaning the user must provide firm inward 
motion to activate them. A spring mounted over the shaft provides resistance (1 Omm of compression 
equates to 38 Newtons) and switch return. 'Lpush ' is mounted in the high position on the frame while 
'i.press' is mounted at the mid level. 'i.press ' also has a secondary function as it is used to select 
different game types. 
Lpush outer circumference: 144mm 
i.press outer circumference: 11 7mm 
\ 
Figure 7.7: Exploded CAD & name insert for ' i.press' & 'i.push' activity switch 
Movements involved in reaching the 'iplIsh ' and ' i.press' are identified in Table 4.12 and Table 4.11 , 
respectively. The isolated movements involved in activating both activi ty switches and corresponding 
muscles required are detailed in Table 7.6 
Table 7.6: Muscles involved in activating the ' i. press' & 'i.push' activity switch 
Movement 
Flexion of the wrist 
Extension of the elbow 
Protraction of the scapu la 
Flexion of the hand 
Primary muscles involved 
Flexor carpi radialis 
Flexor carpi ulnaris 
Palmaris longus 
Triceps branchii 
Anconeus 
Serratus anterior 
Pectoralis minor 
Flexor digitorum superficialis 
Flexor digitorum profundus 
Flexor pollicis longus 
Flexor digiti minimi brevis 
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Assisting muscles 
Flexor digitorum superficial is and profundus 
Flexor poll icis longus 
Abductor pollicis longus 
Latissmus dorsi 
Lumbricals 
Interossei 
The 'i. lllrn ' activity switch, mounted in the mid position, uses the same component as 'i.spin' but the 
addition of a small hand grip attached to an extension arm means users must complete a greater radius. 
Outer circumference: 60mm 
Figure 7.8: Exploded CAD & name insen for ' i.turn ' activity switch 
To reach the 'i.turn' activity switch, positioned 0.95 m from ground level, requires movements and 
muscles outlined in Table 4 .11 . Once in position, the user has to rotate the hand grip using a number of 
coordinated arm movements. These movements along with the primary and assisting muscles are 
identified in Table 7.7. 
Table 7.7: Muscles involved in activating the 'i.turn' activity switch 
Movement 
Flexion of the elbow 
Extension of the elbow 
Flexion of the shoulder 
(Phase 2: 0' _60' ) 
Extension of the shoulder 
Protraction of the scapula 
Retraction of the scapula 
Flexion of the wrist 
Extension of the wrist 
Primary muscles involved 
Brachialis 
Biceps brachii 
Brachioradiali s 
Triceps branchii 
Anconeus 
Pectoralis major 
Anterior deltoid 
Coracobrachiali s 
Biceps brachii 
Pectoral is major 
Latissmus dors i 
Serratus anterior 
Pectoralis minor 
Serratus anterior 
Pectoralis minor 
Flexor carpi radialis 
Flexor carpi ulnaris 
Palmaris longus 
Extensor carpi radialis longus 
Extensor carpi radialis brevis 
Extensor carpi ulnaris 
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Assisting muscles 
Pronator teres 
Latissmus dorsi 
Latissmus dorsi 
Flexor digilOrum superficiali s and profundus 
Flexor poll icis longus 
AbduclOr pollicis longus 
Extensor digitorum 
Extensor digiti minimi 
Extensor indicis 
Extensor pollicis longus 
The 'ipull' activity switch is mounted at the low position on the frame and incorporates the same 
components as 'i.push' and 'i.press.' However, the motion is reversed; requiring users to pull the hand 
interface (the pulling action is opposed by a spring mounted in the opposite direction). 
Outer circumference: 145mm 
Figure 7.9: Exploded CAD & name insert for ' i.pull' activity switch 
Positioned 0.95 m from ground level of the 'i.pul/' necessitates considerable set of movements in order 
to reach the activity switch (see Table 4.1 0). To activate the switch once the user is in this position 
requires three further movements as identified in Table 7.8 along with the primary and assisting 
muscles involved. 
Table 7.8: Muscles involved in activaring the 'Lpull' activity switch 
Movement 
Extension of the elbow 
Protraction of the scapula 
Flexion of the hand 
Finger entrapment 
Primary muscles involved 
Triceps branchii 
Anconeus 
Serratus anterior 
Pectoralis minor 
Flexor digitorum superficial is 
Flexor digitorum profundus 
Flexor pollicis longus 
Flexor digiti minimi brevis 
Assisting muscles 
Latissmus dorsi 
Lumbricals 
Interossei 
'ipress, ' 'ipush' and 'i.stamp,' had the potential to cause finger entrapment during activation due to 
an inward motion while 'ipull' could cause entrapment upon release. Both 'i. turn ' and 'i.spin' also 
had the potential to cause finger entrapment during rotation. Therefore, to protect against any 
entrapments all activity switches have a gap at all times greater than 28 mm between hand interface 
and mount. 
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7.5.3 Completed activity switches 
Following the finalisation of the activity switch designs and successful initial prototyping the mount 
was mass manufactured. Grade '304,' stainless steel was selected due to its corrosion resistance and 
high strength properties. The manufacture process best suited to this application was investment 
casting (also known as lost-wax casting). Investment casting is generally more expensive than die 
casting or sand casting, but offers high production rates and can produce highly complex components 
with an extremely good surface finish; requiring little machine finishing. Figure 7. 10 (a) presents the 
final cast for the activity switch mount. It can be seen from the internal view that the investment 
casting process enabled complex and precise internal features without the need for further machining. 
The casting was then powder coated to provide a colourful and hard wearing surface finish. 
Figure 7.10: (a) Activity switch mount casting (b) Completed activity switch 
A fully assembled activity switch, shown in Figure 7.1 0 (b), has a tough, polyester powder coating, 
finished in a vivid orange whereas the hand interface and speaker inserts are bright blue. Highly 
contrasting colours were chosen to aid visually impaired users to distinguish between the different 
components. Inserts, placed over security bolt cavities provide, in adherence to the British Standards 
guidelines, a smooth surface. 
7.5.4 Centre console 
The centre console houses an LED display along with two higher powered speakers and the connectors 
for the wiring loom. Constructed from heat treated Aluminium (LM25TE), the centre console has been 
manufactured using precision sand casting. Precision sand casting is a process generally used to 
manufacture large parts and involves pouring molten metal into a mould cavity formed out of sand. An 
oversized cavity formed by a pattern, a duplicate of the real part, allows for metal contraction during 
the cooling process. Sand castings generally have a rough surface, sometimes with surface impurities 
or variations requiring extra fini shing processes. 
The layout of the LED display is shown in Figure 7.11 with the number of ' lives' displayed at 
the far left of the screen (height of text is 30 mm), the score is shown centrally in large text (height of 
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50 mm) and the current level is shown at the far right. This information is displayed during all rest 
periods and again at the end of the game, thereby, allowing users to keep track of their performance. 
To guard against attempts of vandalism a shatteIJlroof, polycarbonate shield protects the LED display. 
-LIVES- -----SCORE----- -lfVH-
i·plC!", .. . .. . 
Figure 7. 11 : Scbematic of proposed LED display & label information 
Benefits of incoIJlorating an LED display include the following: 
• Instructions for use, Le. how to initiate the game, game type selected. 
• Text based game commands, i.e. indicates the requirement to activate a specific switch. 
• Related information, i.e. website address 
• Game performance status 
Number of llives' remaining 
Current score 
Highest scores 
Current level 
A completed centre console, Figure 7.12, displays large format text, set at a high intensity, to ensure 
higb visibility in conditions can such as bright daylight. The stainless metal plates are intended to 
provide a robust structure protecting internal components against vandal.ism. 
Figure 7. 12: Centre console & LED display on completed EOPD 
The centre console acts as the main connection site for the wiring loom allowing ease of assembly and 
maintenance. The ULTEMate quick latch connectors (Deutsch Industrial) , used througbout tbe EOPD, 
are suitable for outdoor environments as they are constructed from a corrosion resistant composite and 
sealed against dust and moisture to IP68. A 6 core cable fed to each activi ty S\vitch carries +4V, OV, 
Hall sensor, LED drive, +speaker and ·speaker. Two additional, 8cm diameter, 25 Watt speakers 
(Visaton, Haan, Germany) are incoIJlorated to provide a clear, crisp, sound for playing tbe music and 
speech rather than the lower powered speakers used in each activity switch wbich only play short 
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sound effects. An onboard storage drive with a capacity of I Gigabyte SD RAM provides space for all 
game software, audio files and game data. 
Both short and long range wireless technology has been incorporated in the EOPD to provide a 
number of benefits that previously could not be exploited in a playground environment. Short range 
wireless is Bluetooth; a communication technology operating in the unlicensed, industrial, scientific 
and medical (ISM) band at 2.4 to 2.485 GHz, it has a range of approximately 10 meters. incorporating 
Bluetooth technology means that communication between the EOPD and computers on-site can be 
easily achieved. Long range wireless communication is achieved by utilising mobile phone 
technology; General Packet Radio Service (GPRS), a service available though Global System for 
Mobile Communication (GSM) enabling transfer of data worldwide. Therefore, software updates can 
be uploaded from, practically, anywhere in the world with no need for on-site maintenance engineers. 
Additionally, game data, including the type of game played, number of games and higb scores, can be 
downloaded at the touch ofa bunon, thereby enabling analysis of player performance and participation 
levels. Access to this type of data opens up key areas for further research as it provides information 
previously unattainable enabling a far greater understanding of factors influencing play, such as season 
effects or regional variations. 
7.5.5 Power supply 
Electric energy is required to operate the EOPD, and so a suitable source had to be sougbt. Mains 
power was an option but due to the remote location of some playgrounds across the UK, an alternative 
source was preferred. There are a number of renewable sources available, such as wind power, solar 
energy or human generated each with various advantages and disadvantages. 
• Wind powered turbines provide a good means for generating electricity, however, the day-to-
day, hour-ta -hour, variability and fragile nature of the turbine deems it unsuitable for this 
particular application. 
• Human generated power supplies could be incorporated into an activity switch, such as the 
'i. turn ' activity switch; for example, a user would have to complete a number of rotations 
before initiating the game. (n addition to power supply, this activity would provide an 
excellent source of upper body exercise. There is a risk that physical exercise of this kind 
would deter some users and fatigue others before commencement of the game. 
• Solar energy provides a robust means of generating a known amount of energy (calculated 
form the mean UK daylight hour tables) which can be stored allowing instant play. The main 
disadvantage is tbat, in the UK, considerably less energy is produced in the winter months 
The main criterion is that the EOPD works as soon as one of the activity switches is activated and; 
therefore, solar energy was chosen as it is the most reliable and provides immediate play. A thorough 
discussion on the practical aspects of incorporating solar power and the subsequent energy ca lculations 
are provided in Appendix 1. 
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7.5.6 EOPD surfacing 
An imponant consideration is the type of surfacing used for the EOPD as it potentially affects bow 
well users can play, especially as sudden direction cbanges are required demanding higb levels of grip 
between surface and shoe. Higb levels of frictional force are generated meaning that the surface needs 
to be both tough and durable. 'CbildPlay', (NottsSward, Leicester, UK) a synthetic surface, was 
selected as it is comparable to anificial turf and constructed from randomly arranged angular fibres 
whicb stabilise the carpet's sand infi.ll. The claimed benefits of this panicular surface are higb sbock 
absorbency (critical fall beight 3m depending on under surface), in addition to being both durable and 
vandal resistant (including graffiti). Tbe colourful, grass textured surface also provides the fast and 
efficient drainage needed during the winter months in the UK. 
7.5.7 Game settings 
John Trepte (Tritech, Vlverston, UK) prograrmned the software in embedded C with CodevisionA VR 
running on an Atrnel 186 oticro. 
Previolls game settings 
Results from the main test rig experimentation (Chapter 6) illustrated that game settings did 
significantly alter users' game performance but did not drastically alter users' physiological or 
psychological responses. Lengthened game settings increased the mean game duration from I minute 
32 seconds (type A) to 3 minutes (type B), without affecting panicipants' competence or enjoyment 
scores. Extended game settings will be incorporated into the final design to ensure panicipants play for 
a lengthened period oftime to expend more energy per game 
Game type C incorporated additional features to prolong the game and reduce the cbances of 
premature failure. Additional features included an extra ' life ', meaning the EOPD allowed two failures 
rather than one before the game ceased, and 5 second rest periods provided following 10 successful 
hits. Tbe results from the experimentation showed a very slight increase over game type A, that is, in 
relation to game duration, number of hits, score achieved in addition to competence and enjoyment 
scores. Tberefore, these features will be incorporated in the game settings for the fmal EOPD. 
New game settings 
Final EOPD game settings will fix the required number of hits to complete the game. On achieving the 
stipulated number of hits, a user will be informed of game completion and their individual score. This 
removes the 'play until failure ' concept incorporated in the prototype experimentation and instead 
encourages players to concentrate on activating the maximum number of hits with quicker reaction 
speeds as a means to improving their score. Completion of the game requires 50 hits with rest periods 
provided every 10 hits meaning there are a total of 5 levels. After each level is completed, the time 
allowed for users to activate the next activity switch decreases by 10 %. A 4 second period, on initial 
commencement of the game, is provided for uses to activate the correct activity switch before a failure 
is registered. in addition, rather than just one extra 'life'. 3 have been provided to reduce the chance of 
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premature failure and improve the learning process. Due to the higb exertion levels required to play on 
the prototype an increase in the number of rest periods have been provided althougb wben the user in 
play the game bas been programmed so that it is 3 times more probable that the activity switch 
requiring activation is on a different frame leg so that the user must cover a greater distance. 
New scoring formula 
A new game scoring method, shown below, has been adapted which uses a fonnula based purely on 
reaction speed. 
Equation 7.1 
score = ·100 ( I ) timeoutus~ .10-3 
7.S.8 Games types 
Mentioned in earlier cbapters, parallel development work bas focused on devising additional games. 
Eacb game bas been categorised into either single or multi-player games and then subdivided into 
competitive and non-competitive games as demonstrated in the MindMap below (Figure 7.1 3). Non-
competitive games are an important addition to tbe EOPD, as some children are not fond of 
competitive games, particularly iftbey believe they lack sport-specific skills. 
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Figure 7.13: Diagram illustrating the various games devised 
Note: gamcs within dashed boxes are incorporated in the fi rst version of the EOPD. 
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Although not central to the aims of this research the number of game possibilities, discussed below, 
highlights the fact that the device has the potential to evolve once installed and the ability to update the 
system wirelessly is a key facet to ensuring continual interest and participation. 
Single-players 
• i.beam - users are directed to the activity switches using LEDs without the aid of audio 
commands. 
• i.ft - sound effect game where, rather than voice commands, sound effects associated with 
each activity switch instruct users. 
• i.recall - memory game where a sequence of commands m the user has to replicate by 
actuating the exact sequence of activity switches. 
• i.trick - hoax game similar to 'Simon Says' in that only when a specific command is given 
along with the activity switch name can it be actuated. 
Mulliplayer 
• i. Tag - tag game where the EOPD gives the command 'Tag' during the game meaning the 
current player has to 'Tag' one of his team-mates. The team-mate is then required to continue 
the game and so on until all but one competitor fails. 
• iYs. - competitive two player game whereby each competitor has a 'station', i.e. a leg, and 
each is responsible for actuating their activity switches in response to appropriate commands. 
In order to win the game a competitor must be the first to actuate their specific switch. 
• i.Swop - round robin game where each player takes turns to actuate an activity switch, 
whoever fails is then out of the game. 
• i.Save - sintilar to spinning paper plates. Game starts with all lights on at the same time; a 
switch begins to flash and then goes out. The user must activate the switch to keep the light 
on. Game can be played by a single-player or with friends. 
• i.Tune - sintilar to musical chairs. Game starts with all lights on, music is played, users must 
jog around the outside frame when music stops kids must run to a station that has a light on. 
Each round a light goes off. The user that does not make it to a switch with a light on is out. 
• i.2slow - similar to previous game, however, the user is out when they are last to activate a 
switch. Game tells the users who is out. 
• i.LucAy - when the music stops each user must activate a switch. The EOPD then randomly 
selects a switch, that user is out. Runs until there is one winner. 
• i.iCaprain - EOPD plays music and tells users what to do, i.e. run on spot,jump up and down, 
touch toes etc, when the music stops users run to an activity switch. Last user to Ihit ' a switch 
is out. 
• i.Match - initiated by a user hitting one switch, the next user hits Ihat switch and a new one, 
the next user hits all those switches and one new one etc. Runs until a wrong switch is Ihit \ 
they are out. 
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All of the games are made accessible for users unable to activate the highest activity switches by 
eliminating them from the software's random selection. They can be selected in a similar manner to the 
other games but are identified with the addition of the word ' base' after their name, i.e. ' i.p/ay base.' 
7.5.9 Website 
Dirkin (1994) suggests that reinforcing exercise with technological aids and providing feedback on 
performance can help with long term adherence. Subsequently, an ' i.play' website has been launched 
providing additional information regarding the EOPD including: 
• Instructions on how to operate and play on the EOPD 
• Advance player tips for improving scores 
• EOPD research and development 
• Current childhood obesity facts 
• Health benefits of physical activity 
• Child play safe information 
• External links for information on bullying, nutrition, sport and fitness 
The current website design targets teenage engagement and assumes users' familiarity with interactive, 
contemporary, electronic devices. Website detai ls are displayed on the LED screen at the end of a 
game, or, when the EOPD is not in use. A league table has also been incorporated displaying: the date, 
usemame, score, location, county, game type and age of the participant. Users must register and then 
log on to input scores. Results can be fil tered, allowing scores to be compared with other individuals 
across the country. 
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7.S.10 Completed EOPD 
Photographs in Figure 7. 14 and Figure 7. 15 show a 10 year old boy playing on the EOPD to illustrate 
the typical body movements required to activate a selection of activity switches. 'i.tllrn' requires users 
to complete a minimum of one complete rotation in an arc measuring 240 rrun in diameter, and, 
depending on the reach height of users, 'i.push' and 'i.spin ' demands individuals to fully extend or 
jump to activate them. 
Figure 7.14: Child operating the 'i.turn ' & ' i.push' activity switches 
A foot operated switch has been incorporated in the final design in the form of an 'i.stamp ' activity 
switch, which is intended to ensure users apply force inJine with the switch rather than a kicking 
motion that may lead to injury. If preferred, 'i. stamp , can be operated by hand. 
Figure 7. 15: Chi ld operating the ' i.spin' & ' i.stamp' activity switches 
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Located at a municipal playground in Rivenmead, Reading, Figure 7. 16 shows an installed EOPD. 
' i.play' appears appropriate amongst TOPE, specifically with regards colour and material use. 
However, its unique, futuristic, shape attracts attention. 
Figure 7. 16: Installed EOPD Rivenmead municipal park, Reading. 
7.6 Refinements and future developments 
Future EOPD developments will specifically focus on three main areas: 
Software updates: 
• Further development of the different game types as stated in section 7.5.8 
• Database to store and filter data files downloads from all EOPD installations 
• Wireless notification of any maintenance requirements 
• Appropriate game settings for inclusive play modes 
Mechanical updates: 
• Refmement of existing activity switches 
• Development of additional activity switches 
• Solar system optimisation, e.g. power saving modes for periods of reduced daylight 
Research opportunities: 
• Seasonal effects, defined by the number of games played during different months of the year 
• Participant levels, defined by number of games played during the first few months of 
installation 
• Adherence levels, defmed by number of games played during the installation lifetime. 
• Investigate factors thought to improve adherence levels e.g. new game types, new 
audio/sounds effects, new activity switches etc. 
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7.7 Conclusion 
A novel electronic outdoor play device has been developed by following a structured, research led, 
design methodology. Initially, the process involved investigating current problems and existing design 
solutions before outlining strict objectives. Once in place, conceptual design led to the realisation of an 
innovative solution, subsequently prototyped in order to better understand the notion of whole-body 
interactive gaming. Further embodiment design led to the development of a main test rig built using a 
sound grounding in child ergonomics in order to promote movements which maximise range of motion 
and muscle activation. Through the process of experimentation, cruldren's physical exertion levels and 
psychological ratings were established to refine intensity and duration of play via game settings. This 
chapter focused on the design detail required to fully realise the concept and the stages essential in 
bringing the device to open access enviromnents. Ultimately, the methodology lead to the development 
of an electronic outdoor play device installed in playgrounds across the UK wruch employs technology 
to promote health-enhancing physical activity that maximises energy expenditure without users 
focusing on the physical effort required but rather an enjoyable play experience. The next chapter 
describes the process employed to validate this statement. 
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Chapter 8 
Validation experimentation 
With the current rise in childhood obesity (Lobstein' et aI., 2005), and a reported lack of physical 
activity (Smithers et al., 2000), there is a legitimate need to improve existing play opportunities 
(Barbour, 1999) with respect to promoting health-enhancing physical activity amongst a generation of 
children choosing to pursue technology driven sedentary pastimes. A new electronic outdoor play 
device (EOPD) has been developed with the aim of maximising both the rate of energy expenditure 
and perceived enjoyment whilst simultaneously minimising perceived exertion. With this device 
energy expenditure is maximised by commanding users to activate a number of 'activity switches', 
positioned in a manner requiring whole-body movements, within a consistently diminishing time 
period. Optimised game settings prolong the duration of play by incorporating in-game rest periods 
and extra ' lives ' to reduce the possibility of premature failure. Enjoyment is maximised by developing 
an entertaining, interactive game using sound effects, lights and music which provide sertsory 
feedback. Perceived exertion is minimised through 'stealth fitness', whereby the physical activity takes 
place alongside an interactive game distracting users from the effort level required. 
The experimentation aims to fully investigate participants' motivation and level of interaction 
with the EOPD in order to validate the design with respect to promoting an enjoyable (RPEn rating and 
resportses to questiorts 1, 5, 6), health-enhancing physical activity (game duration, HR and energy 
expenditure) without participants solely concentrating on the effort required (RPE and resportse to 
question 2). Comparison of intensity levels, perceived enj oyment, competence and exertion is also 
made with respect to the main test rig (MTR) experimentation to evaluate the effects of both 
incorporating activity switches and adapting game settings. No attempt is made to quantify the energy 
expenditure during play on traditional, outdoor playground devices as this is a particularly complex set 
of interactiorts with a multitude of available devices. [nstead, by fully understanding the interaction 
with the EOPD, the results can be compared to more well defmed physical activities. To validate the 
definitive design, 10-1 2 year old male and female children were recruited (via a circulated University 
email) with the aim of measuring their physiological responses, psychological ratings and game 
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performance for a single game, measurements that were repeated three times. Subsequently, the 
energetics for an average game were detennined and compared to other traditional physical activities. 
It has been acknowledged that, although a number of established techniques have been 
employed to quantify energy expenditure, a ' uue ' value cannot be detennined, only a realistic 
estimation can be obtained. In fact, pbysical activity consisting of near maximal, intermittent bursts of 
movement increasingly complicates attempts at precise investigation. Nevertheless, a practical 
approach was taken to provide a comprehensive overview of the relevant pbysiological parameters. 
8.1 Experimental methodology 
The methodology employed for this experimentation closely matcbed that of the experimentation 
conducted on the main test rig but without the alteration of game settings. For accurate repetition, the 
procedures, discussed later in the cbapter, were thoroughly planned and carefully suuctured. Details on 
the cbaracteristics of participants, test environment and equipment used are provided in the following 
sections. 
8.1.1 Participants 
Following Loughborough University Ethical Advisory Committee approval, and with both parental 
and participant consent, 18 bealthy children (11 males, 7 females) took pan in the experimentation. 
Panicipants' pbysical activity levels for the previous seven days were recorded via a self- reported 
questionoaire (PAQ-A; Kowalski et al., 1997a) and, althougb all participants were physically active, 
none were involved in excessive levels of training. Height was recorded using a stadiometer (Seca Lld, 
Birmingham UK) and body mass measured using a TBF-612 Tanita electronic scale (Tanita Corp., 
Tokyo, Japan). This data was then used to calculate body mass index (BM!). Mean and standard 
deviations (S.D.) are presented in Table 8.1 along with resting heart rate (HR..,.) and resting oxygen 
consumption (YO' R'.)' Resting measurements were taken while participants were seated quietly for a 
minimum of 15 minutes. The lowest mean value over I minute was then determined. 
Table 8. 1: Mean & S.D. for participant characteristics 
Variable Mean S. D. 
Age (years) 10.9 0.8 
Height (cm) 149.3 7.3 
Weight (kg) 46.8 10.8 
Body Mass Index (kg· m") 20.8 3.6 
HR"" (beats'min") 83 .7 11.6 
YO' R'" (rnI0" kg" 'min" ) 7.26 1.5 
PAQ-A 3.06 0.60 
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Data presented in Table 8.2 depicts gender to highlight the significant difference seen for resring HR. 
Table 8.2: Mean & S.D. for both male (m) & female (!2 EarticiEant characteristics 
Variable m S.D. f S.D. 
Age (years) 11.1 0.8 10.6 0.5 
Height (cm) 148.4 9.0 150.7 3.5 
Weight (kg) 47 .3 12.1 46.1 9.2 
Body Mass Index (kg· m" ) 21.2 3.7 20.2 3.6 
HR... (beats'min") *78.8 9. 1 *9 1.4 11.5 
VO,.", (m10" kg"'min" ) 7.39 1.71 6.82 0.11 
PAQ-A 3.20 0.51 2.87 0.26 
• Significant difference between male and females 
8.1.2 Testing environment 
Testing was conducted at the EOPD installation located at Abbey Park, Leicester (Figure 8.1) which 
had been open to the public for 3 months. Participants were instructed not to take part in vigorous 
exercise, or consume food, 2 hours prior to the experimentation. An enclosed shelter, erected next to 
the EOPD, allowed body measurements and fitting of equipment to take place in privacy whi lst 
providing a convenient area for recovery. Air temperature on the days of the experimentation ranged 
from 10 to 17 'C (measured by Oregon scientific model BAA913HG). None of the participants had 
played on the EOPD before tesring commenced. 
Figure 8. 1: EOPD installation located at Abbey Park, Leicester. 
8.1.3 Experimental design synopsis 
The validation process required each participant to play on the EOPD for three sessions, each lasting a 
single game. Unlike the previous experimentation, game settings were not adjusted to enable direct 
game repetition comparisons. The flow chart in Figure 8.2 illustrates game protocol and implemented 
settings. For a fu ll account of the settings implemented see Section 7.5.7. 
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Figure 8.2: Flow chart demonstrating game settings chosen for the fmal design 
Procedure 
The schematic timeline in Figure 8.3 outlines the experimentation procedure for each participant along 
with approximate times to quantify active and non·active periods. 
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Figure 8.3: Schematic of experimentation process used to evaluate the fmal design 
Initial procedures 
A maximum of 5 participants were tested for each session which lasted approximately 3 hours, 
enabling all procedures to be carried out quickly and effectively, ensuring participants were not 
waiting too long for their session. During the initial stages of meeting participants, the experimental 
aims and procedures were outlined, together with a quick demonstration of how to play on the EOPD. 
Participants were also informed that, at any point during the experimentation, they had the right to 
withdraw. Health questionnaires and consent forms, distributed prior to the experimentation, were 
checked before the taking of any anthropometric data. Heart rate (HR) monitors were fitted and 
checked by an investigator to ensure data was being transmitted. Participants were then asked to 
complete a questionnaire documenting their physical activity over the previous 7 days (see Appendix 
E). The 15 minutes required to complete the questionnaire ensured all participants were seated quietly 
so that resting HRs could be determined. 
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Familiarisation with the EOPD 
Every participant was allowed to play on the EOPD without any parameters being recorded. They were 
told 'not to worry about their score,' 'just to try to activate each switch correctly' and 'remember 
where they are positioned.' This familiarisation period ensured that participants could successfull y 
reach and activate all activity switches whilst correctly distinguishing between commands. The 
straightforward nature of the game meant that participants understood the game format quickly with 
the majority reacrung a 'hit ' tally of 20 (a threshold for deeming whether they are able to operate the 
EOPD) on their first attempt. 
Introducing / anchoring of the scales 
Having completed the familiarisation period, participants were introduced to three rating scales: 
perceived exertion, competence and enjoyment. Explanations were given as to why each scale was 
used and the importance of answering honestly. None of the participants had used the scales before so 
it was necessary to establish practical memory anchor points. Trus procedure assisted participants with 
relating memories or particular experiences to the maximum, minimum and median scale values. To 
avoid repetition, a full account of the correct use and instructions for each scale was covered in 
Chapter 6. 
Exercise sessions 
Exercise sessions consisted of three continuous bouts of play, each lasting a single game, 
approximating to 3 - 4 minutes, with the main aim of determining the physiological response during a 
single game rather than during a 5 minute period as with the previous MTR experimentation. This 
alteration ensured participants could focus on a single game without interruption. EOPD sound effects 
instantly informed participants of successful switch activation, loss of a 'life' or of progression on to 
the next level. Participants were able to view their scores and number of 'lives' remaining on the 
integrated LED display during in-game rest periods. On completion of each game, participants were 
asked to rate their perceived exertion, followed by their perceived competence, before fma lly rating 
their perceived enjoyment. Each participant then sat for approximately 10 minutes before the start of 
their next game to ensure physiological parameters returned to their resting values. Once participants 
had completed all of their sessions they were asked to fill out the product evaluation questionnaire 
(Appendix G). 
8.2 Measurement equipment 
8.2.1 Indirect calorimetry 
Oxygen is consumed when energy is transformed from food to muscular work; consequently 
measuring the amount of oxygen consumed is an established method for determining energy 
expenditure. The term indirect calorimelly is given to this method as energy expenditure is est imated 
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from VO, consumption and VCO, production rather tban directly measuring beat production as with 
direct ca/orimetIY. Altbough highly accurate, direct calorimetry is mairtly conducted in sealed 
cbambers limiting its applications whilst requiring considerable time and expense. Another method for 
measuring energy expenditure is to use HR. HR and oxygen consumption relate linearly throughout a 
large proportion of aerobic exercise therefore if tltis relationship is known then energy expenditure can 
be predicted from HR data. One metbod requires wbat is known as tbe 'Flex HR' to be establisbed. 
Flex HR is detennined by analysing the oxygen consumption of various types and intensities of 
activities. Activities eliciting an HR below the Flex HR are assigned an energy cost based on resting 
energy expenditure. Activities eliciting an HR above the Flex HR are assigned an energy cost based on 
the HR-VO, regression. However, the relationship is specific to eacb individual and bas only been 
validated for a limited number of general activities. In addition, factors other tilan oxygen consumption 
influence tbe HR response and so will consequently affect the predicted energy expenditure. With tltis 
in mind only indirect calorimetry will be used during the experimentation to estimate energy 
expenditure. 
To express energy expenditure in kilocalories (kcals), it must be recognised that the energy 
produced by the utilisation of I litre of oxygen varies depending on the food type consumed. For a 
precise conversion the proportions of fat, carbobydrates, and protein be ing metabolised must be 
known. The ratio of VCO, produced to VO, consumed, known as the respiratory quotient (RQ), gives 
a practical approximation of the percentage ofcarbobydrate and fa t being metabolised. The ratio is 0.7 
wben pure fat is the source of energy and 1.0 wben it is pure carbohydrate. These ratios assume a 
'steady state,' wbicb exists wben oxygen uptake equals the oxygen requirement of tissues and when 
there is no accumulation of lactic acid. During this so called ' steady state', HR and metabolic data 
remain at fairl y constant levels. The term respiratory exchange ratio (RER) rather tban RQ is used 
wben a ' steady state' does not exist (Montoye et a/., 1996). For tltis experimentation ' steady state' will 
consist of respiration data collected over 1 minute starting from I minute 30 seconds before the game 
has ended. This method ensures that data is not included at the start of the experimentation where there 
is a 'delayed' response or artificial artefacts occurring as participants anticipate the end of the game. 
Measuring VO, is considered a reliable method for calculating energy expenditure with the 
exception of activities that include excessive static muscle work, or activities which demand the use of 
the anaerobic metabolism. For these activities, \T0 2 offers important information about the aerobic 
component, but to assess total energy expenditure it must be supported with other measurements. Very 
demanding physical activities cannot be evaluated only on the basis of VO" instead VO, must be 
measured over the entire activiry and during the recovery period, so that total energy can be 
approximated (Louhevaara & Kilbom, 1999). 
Breath-by-breath 
Determining human response to exercise has generally focused on peak oxygen uptake and 
cardiorespiratory response to the demands of 'steady state' exercise. Children, however, rarely display 
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patterns of activity that are 'steady state' instead demonstrating sporadic and intermittent bursts. VO, 
response to exercise is dynamic and, therefore, to gain a comprehensive understanding, it is crucial to 
preserve the detailed response over diminutive time increments. This can be achieved by analysing 
. . 
VO, on a breath-by-breath basis, in contrast to traditional mixing chambers systems which give VO, 
on an average basis, thereby losing the significant detail required. 
Portable metabolic measurement system 
To quantify the energy expended by participants playing on the EOPD, the MetaMax 3B (Conex 
Biophysik, Leipzig, Germany) breath-by-breath, ponable metabolic system was utilised. The system, 
weighing only 650 grams, can be operated in temperatures ranging from -20 to 40°C and in harsh 
environments with 0 to 99% humidity. Indirect calorimetry has been shown to be an appropriate and 
reliable approach in assessing energy expenditure of children and adolescents across a range of 
exercise intensities (Harrell et at. , 2005). The ponability of the MetaMax 3B allows participants to 
perform a wide variety of physical activities in an unrestricted manner with demonstrated precision 
(Coetsee, 1998; Larsson et al. , 2004; Medb0, et al. , 2002). 
The MetaMax 3B consists of two interlinked units, worn in a harness around the upper torso. 
One unit connects the oxygen and volume supply while other attaches the power supply. The unit 
communicates wirelessly with a transmitter/receiver connected to a data acquisition computer enabling 
real time analysis. A schematic of the equipment setup is shown in Figure 8.4. 
Cortex MetaMnx 
Gas analyser 
Sound 
( F"cma'" ) 
Figure 8.4: Ponable metabolic system setup diagram 
( Tu.b;ne ) 
A facemask, covering the participant's nose and mouth, shown in Figure 8.5, directs airflow through a 
turbine which houses the oxygen and volume sensor. It was important to ensure the correct size 
facemask was selected (paediatric large, adult small or adult medium) to reduce the chances of any 
leaks which can lead to large errors in VO, calculations. 
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Figure 8.5: Participant wearing portable oxygen analyser 
Prior to each experimentation session, the portable metabolic system was calibrated using the 
following procedure: \) initiate equipment warm up process (45 ruins), 2) input of atmospheric 
pressure in mmHg, 3) measurement of ambient gas, 4) known gas measurement (volume 
concentrations 0 , = 16.97% & CO, = 4.98%) and finally 5) volume measurement via a Hans Rudolph 
3 Litre hand operated canister. 
8.2.2 Motion sensing 
Accelerometers 
Commonly used to assess physical activity in children, accelerometry causes minimal hindrance as the 
devices are small , light, and usually worn on the hip (Rowlands et aI., 2004). Accelerometers record 
intensity, frequency and duration of physical activities in direct response to body movements. The 
output from an accelerometer. referred to as accelerometer counts, is a dimensionless and arbitrary unit 
which relies on the specifications of the accelerometer, meaning different types of accelerometers 
cannot be directly compared (Chen & Bassett, 2005). These counts are calibrated wi tll energy 
expenditure and specified in terms of thresholds to give a real biological meaning (Freedson et a/., 
2005). The relationship between accelerometer output and energy expenditure tends to be determined 
in laboratory situations due to the difficulties associated with measuring energy expenditure in the 
field. Laboratory simulations generally involve treadmill activities, although attempts to incotporate 
• freeplay', lifestyle, or structured activities have been made (Row lands, 2007). Activities selected for 
device calibration ultimately have a large impact on resulting thresholds while the sensitivity of the 
acceleration signal is influenced by the interaction of stride length and step frequency meaning that at 
the same speed of movement the signal is lower when the step frequency is higher (Freedson et a/., 
2005). 
Limitations of accelerometers include the failure to determine the energy cost associated with 
static work, upper-body movements (unless worn on the wrist) and the increase in energy cost due to 
carrying loads or walking/running up an incline (Rowlands et aI. , 2004). 
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RTJ Triaxial accelerometer 
For the validation process, the RT3 triaxial accelerometer (Stayhealthy Inc., Monrovia, CA) was 
selected. Weighing only 65 grams the unit is extremely compact, 7 1 x 56 x 28 mm. Triaxial 
accelerometers have been shown to be more accurate than uniaxial accelerometers when assessing a 
variety of children's activities against oxygen consumption (Eston e l al., 1998) and HR (Ott e l al., 
2000) (Rowlands et al., 2004). The RT3 is a new version of the widely used Tritrac accelerometer and 
has an integrated triaxial accelerometer as opposed to three separate accelerometers. As a result, 
activity counts from the two monitors cannot be directly compared (Rowlands e l al., 2004). 
The accelerometers in the RT3 have a dynamic range of 0.05- 2.00 g and are responsive in the 
range 2-10 Hz. Powell e l al., (2003) tested 23 units at frequencies of 2. 1 Hz (acceleration = 0.057 g) 
and 5.1 Hz (acceleration = 0.2 19 g) resulting in a mean activity count per minute of lOO and 87 1 
respectively, which reflects activities lower than moderate intensity. At a frequency of 10.2 Hz 
(acceleration = 0.414 g), the mean counts per minute were 1741 which corresponds to activities in the 
range of moderate-to-vigorous intensity. 
The accelerometer generates a signal which is integrated over a given time interval. This is 
subsequently summed and stored. This time interval, known as the epoch, can be set as low as I 
second or as high as several minutes. Setting the epoch over several minutes means it can 
underestimate vigorous and high-intensity activity (Nilsson e l al., 2002; Rowlands el al., 2006) but 
with the use of a low epoch brief bursts of high-intensity activity are captured (Rowlands, 2007) . The 
RT3 was set to record on 'Mode l ' during the experimentation which samples and logs data for all 3 
axes every second for a total of approximately 3 hours. The measurements recorded are the vertical 
motion (x-ax is); antero-posterior motion (y-axis); mediolateral motion (z-axis) with movement outside 
of nonnal motion filtered. The software then calculates for each second: activity units for x, y, z, vector 
magnitude (VM = (x' + y' +;)0" ) and activiry calories. 
Reliability, suitability studies 
Accelerometer output is affected by anthropometric characteristics, i.e. leg length and height (Well<, 
2002). Therefore, threshold values used need to be population specific (Rowlands e l al., 2004). Ideally 
individual calibration experimentation is conducted to establish an appropriate linear regression 
equation based on oxygen consumption for a number of activities, although published data has 
identified suitable threshold values for children. 
Rowlands e l al. (2004) studied the relationship, in 19 boys (mean age of 9.5 years), between 
accelerometry counts and oxygen consumption during walking/running and three non-regulated 
activities, hopscotch, kicking balls, and sitting quietly. All activities lasted 4 minutes, apart from sitting 
which lasted 10 minutes. Even using unregulated activities, the correlation va lues were relatively high, 
1=0.87. Hopscotch, however, resulted in significantly lower counts than running at 8 and 10 km'h-' , 
even though oxygen consumption was comparable. By means of an explanation, the authors suggested 
that the strenuous jumping of hopscotch required more energy per movement than running. 
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A study by Chu et al .• (2007) aiming to develop suitable threshold values for varying physical 
intensity, investigated activities in 30 Chinese children (18 males) aged between 8 and 12 years old. 
The activities included were walking/running at treadmill speeds of 2, 4, 6 and 8 knrh-1 for I minute 
and sedentary activities: crayoning, reading, playing board games and standing still. Findings indicated 
that the RT3 triaxial accelerometer could recognise walking and running across the intensity spectrum, 
whilst being able to quant ify static or sedentary periods. Movement counts, derived from the RT3, 
increased in a linear relationship with scaled oxygen uptake. The regression equation predicting scaled 
oxygen consumption from the RT3 output for all tasks was where x ~ RT3 counts per minutes 
(mistakenly published as seconds) with ?- ~ 0.83: 
Equation 8. 1 
SVO, ~ 21.37 + 0.0 142x 
A summary of the threshold values developed by both Rowlands et al .• (2004) and Chu et al .• (2007) 
are shown in Table 8.3. 
Table 8.3: Published threshold values for the RT3 accelerometer 
METs Treadmill> All activities· Treadmill' Unregulated' 
< 2 (sedentaty) 420 N.A. N.A. N.A. 
;;,2 < 3 (low) 420-1860 N.A.- 970 N.A.-1 806 N.A.- 667 
~ <6 (mod.) 1860-4110 970-2333 1806-3022 667- 1506 
;;,6 (vigorous) 411 0 2333 3022 1506 
TIU'eshold RT3 (counts 'min,l) + - Chu er al .. 2007 . • - Rowlands er al.. 2004 
8.2.3 Heart rate 
HR was recorded continuously at 5 second intervals during the entire experimentation using the Polar 
team system (polar Electro Oy, Kempele, Finland). For an in depth discussion on HR, see Chapter 5. 
8.3 Results 
8.3.1 Statistical analysis 
Statistical analysis was performed using independent t tests to identify any significant differences for 
gender with regards to physical characteristics, psychological ratings, game parameters and 
physiological responses. To determine whether equality of variance existed, results from Levene' s test 
were examined. If non-significant (i .e. p > 0.05), equal variance was assumed. If Significant (i.e. p < 
0.05), equal variance was not assumed. 
One-way repeated measures analysis of variance (ANOV A) was conducted to analyse the 
differences between game repetitions. The results from Mauchly's test were examined to establish 
whether conditions for sphericity were met. If non-significant (i.e. p > 0.05), no corrections were 
needed for F-values. However, if significant, Greenhouse-Geisser F-vaJues were used. Significant F 
values were examined using Bonferroni-adjusted post hoc analysis. Statistical analysis was set at a 
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level of p < 0.05 and all analysis was perfonned using Statistical Package for Social Sciences 14.0 
(SPSS UK Ltd, Working, UK). 
8.3.2 All game data 
The mean and standards deviation (S.D.) for psychological ratings, game data, accelerometer counts, 
HR and metabolic responses, for all games, are presented in Table 8.4. 
Table 8.4: Mean & S.D. of results for all ~ames (all !las data is Eresented in STPDl 
Variable Mean S.D. Variable Mean S. D. 
RPE (exertion) 6.5 2.1 z (counts-min- I ) 1542.0 431.0 
RPC (competence) 7.0 1.9 YO,,- (LO,'min'!) 1.99 0.35 
RPEn (enjoyment) 8.7 1.0 V02steadY (L02'min,I) 1.63 0.32 
Game score 4323.8 1264.6 YO,,- (mIO"kg'!'min'!) 45 .8 6.3 
Game duration (mm:ss) 03:38 00: 19 YO",..., (mIO"kg'!'min'!) 37.4 6.4 
Rest period (mm:ss) 09:03 02:37 EE"..., (kcals'min' !) 8.25 1.40 
fiR,- (beats·min·!) 190.6 7.8 EErnean+recovel')' (kcals-min· l ) 6.36 1.10 
liR,'''''' (beats· min . t) 185.7 8.8 Relative EE,,_ (kcals'kg'!'min'!) 0.190 0.035 
%fiRR.,_ 92.6 3.4 Relative E~o\'try (kcals'kg,l'min,l) 0. 146 0.019 
VM (counts-min,l) 3601.7 601.6 Gross EE""", (kcals) 30.2 7.0 
x (counts-min,l) 1902.8 325.6 Gross E~,..,. (kcals) 39.8 7. 1 
y (counts-min,l) 1969.3 342.0 Durationmcan+Tec:ovcry (mm:ss) 06: 19 00:41 
HR" .. and HR""", values of 190.6 and 185.7 beats'min'!, demonstrate that the exertion was similar to 
the HR..,. of 191.9 and HR""", of 183.1 beats· min'! recorded during the MTR experimentation. This 
vigorous physical activity is further illustrated by the physiological dependant variable, HRR""", and 
HRR"""", which were 93% and 81 % respectively. A slightly higher HR""", than that seen during the 
MTR experimentation (173.6 vs 168.2 beats'min'!) suggests that participants were able to maintain a 
higber pace throughout the session which could be due to the sborter game duration, 3:38 compared to 
the 5 minutes employed for the MTR experimentation. 
The mean RPE of 6.5 is slightly higher than the value 5.2 previously recorded yet lower than 
wbat would be expected considering tbe very high cardiovascular demand. Similar to the previous 
experimentation, the ratings for both competence (7.0) and enjoyment (8.7) were extremely higb, 
signifying that the game senings and activity switches implemented to maximise energy expenditure 
did not negatively impact on the player's experience. 
A mean game time of3 minutes 38 seconds (S.D. 19 seconds) illustrated that by incorporated a 
game that was greater in duration than MTR's games rypes (A=01:32, 8 =03:00 & C=01:50) but 
reducing the overall time of play (03:38 vs. 05:00) still resulted in an equally high rating of enjoyment. 
A mean recovery duration of over 9 minutes meant participants were given a I :2.5 work to rest 
ratio thought sufficient for adequate recovery between games. 
Game score S.D. was comparatively higb considering most participants completed the game by 
reaching a 'hit' taLly of 50. This suggests that participants exhibited a clear difference in reaction speed 
and speed of movemem. A game duration S.D. of 19 seconds illustrates tl,at the range of scores reflects 
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onJy a small difference in game duration, i.e. minimal improvements in reaction speed are rewarded 
highly in game score. 
RT3 accelerometer vector magnitude (VM) counts for the games are especially high with the x 
and y axes approx.imately 1900 counts'min", although the z axis recording side-to-side movement is 
slightly lower at 1542 counts·min·'. The relatively low S.D. reveals that the overall movement panems 
of participants completing a single game are especially similar. 
Metabolic data confirms the vigorous nature of play. Absolute oxygen uptake values are 1.5 and 
1.6 LO" min" for VO,~ .. and VO,.""" respectively, with values reaching 2.0 LO" min" for VO'peok' 
When adjusted for body weight, relative oxygen uptake values are 34.8, 37.4 and 45.8 mlO" kg"'min" 
for V0 2mean V02stcadY and V02PCal; . Respiratory exchange ratios are also exceedingly high, RERmcan is 
0.94, RERm.., is 0.99 and RE~ is 1.09. Minute ventilation (VE) values are 37.3 L'min" for game 
mean and 41.1 L'min" for ' steady state' . These figures are, however, seen to rise to 50. 1 L'min" 
during demanding periods of the game. 
An estimated rate of energy expenditure, in kcals'min", is calculated from the metabolic data 
for the three states: EE"""" E~ and E~+=>""". EE."", refers to rate of energy expenditure seen 
during I minute of play taken from I minute 30 seconds into the duration of the game up until 30 
seconds before the end. One minute 30 seconds of initial data is ignored due to the 'delayed' oxygen 
uptake response and the last 30 seconds worth of data is also discarded due to possible outliers 
occurring as participants anticipate the end of the game. EE~ values are determined from the initial 
commencement to the completion of each game while the E~+=>."Y is calculated using the mean 
values during the entire game including the subsequent recovery period. VO, values returning to 
within 10% of resting determine the end of the recovery period. Mean recovery duration, for all 
participants, was 6 minutes 19 seconds meaning there was a I: 1.7 work to rest ratio. The values 
calculated for rate of EE"""y, EEm,,,,, and EE="""""."Y were 8.3, 7.6 and 6.4 kcals·min·' respectively. 
When adjusted for body weight the relative EE.""", EE~ and E~ .. +n<o""" were 0. 19, 0. 18 and 0. 15 
kcals· kg-'·min·' . 
To calculate the estimated gross energy expenditure seen during each game, the rate of energy 
expenditure for each individual is multiplied by their game durations. Therefore, the gross energy 
expenditure for a single game when comparing tbe three different parameters were: 'steady state' ~ 30 
kcals (S.D. 7 kcals), game mean ~ 28 kcals (S.D. 6 kcals) and game mean+recovery = 40 kcals (S.D. 7 
kcals). 
Perceived exertion 
A value of 6.5 for RPE fa lls closest to the 'Tired ' category on the OMNI scale and according to data 
publisbed for children (Robertson, 2004). This value is slightly above the approximated anaerobic 
thresbold (rating of 6). The S. D. value of2. 1 represents quite a large variation in participant responses, 
especially considering the small S.D. in HR and VO, values. This range highlights tbe fact that, for 
some children, this type of higb intensity exercise was seen as far less tiring than otllers. Although not 
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specific to children, Table 5.4 demonstrates that the value of RPE is marginally less than what would 
be expected but close enough to conclude that participants correctly rated exercise on the EOPD in 
comparison to other physical activities. 
The value of RPE attained during the validation process on the EOPD is higher than that 
recorded during the MTR experimentation. Including activity switches requiring considerable upper 
body movements could have con1ributed to this increase in RPE as, according to Yang (2006), 
extensive use of smaller muscle groups increases feelings of fatigue. In addition, although the sessions 
lasted longer during the MTR experimentation (5 minutes) than the single games on the EOPD (3 
minutes 38 seconds), a higher HR""", and HR,!<&Iy may have meant that the greater maintained 
intensity increased perceived exertion. 
Perceived competence 
Overall competence ratings were high (7.0 out of 10) reflecting the fact that command based play is 
comparatively straightforward with participants able to interact with the game format without a great 
deal of practice or requiring high levels of sport-specific skills. The progressive nature of the game 
ensures participants are proficient before the level of difficulty increases. Including activity switches 
has not seriously impacted perceived competence in comparison with the MTR experimentation (7.4 
out of 10). This is reassuring as some of the complex movements needed to activate the switches could 
have potentially increased premature failure, thus decreasing perceived competence. Playing on the 
EOPD is reasonably straightforward, nevertheless it can be hypothesized that the more users become 
familiar with the device, and understand the subtleties of play, the more able they would become at 
increasing their score. This could be achieved by users memorising the layout, improving their reaction 
speeds and reducing unnecessary movements, an effect eventually resulting in even greater levels of 
perceived competence. 
Perceived enjoyment 
lntimately, the most important participant rating is their perceived level of enjoyment. Higher levels of 
enjoyment indicate the likelihood of continued participation. Significantly, levels of enjoyment are, 
akin to the MTR experimentation, remarkably high (8.7 out of 10). During the validation process, 
nearly all participants experienced feelings of fun, pleasure and even excitement when interacting with 
the EOPD. These acutely high levels of enjoyment are somewhat unexpected considering the high 
levels of exertion needed to competently complete a single game. Due to limited research on 
'exergaming', ouly two studies have been found that have investigated perceived enjoyment. Sell et 
al., (2005) compared perceived enjoyment between brisk walking to plaYing on the Sony Eyetoy® 
(Figure 2.7(c» while Leiuinger (2007) compared 'Dance Dance Revolution' (Figure 2.5) both found 
that for a similar perceived exertion, participants significantly enjoyed 'exergaming' to that of brisk 
walking. Even though the physical activity observed during these studies were far lower intensity then 
seen during this experimentation, it demonstrates that participants enjoyed interacting with whole-body 
video gaming in comparison to more regimented activity .. 
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Accelerometer counts 
The accelerometer VM ou1put for the whole group was 3602 counts·min-1 with a S.D. of 602. 
According to threshold values developed by Chu et al., (2007) this rate of activity counts would 
categorise play on the EOPD as moderate-to-vigorous intensity with a MET value of between 3-6. 
Plotting the RT3 values against relative oxygen consumption gives the linear equation ofy = O.0064x + 
7.5457 (? = 0.998), allowing direct comparison with the data gained during this experimentation. 
According to the equation, 3602 counts·min-1 equates to 30.6 ml02·kg"1·min-1, which is less than the 
recorded value for Y02_ of 37.4 or even Y02""", 34.8 ml02·kg-l·min-1. It can, therefore, be noted 
that the threshold values developed are not specific to this type of activity as a greater Rn count 
would be' expected, indicating that intermittent play requires higher energy expenditure per Rn count 
than running_ Rowland et al., (2004) developed RT3 threshold values for not only treadmill running 
but hopscotch and kicking a ball. The value of 3602 counts'min-1 wonld be classified as a vigorous 
activity, with a MET value of greater than 6. 
Heart rate 
As in the MTR experimentation, HR values demonstrate that participants exhibited vigorous physical 
activity (VP A) when playing on the EOPD_ HR"o.. values, calculated over a full minute, are only 5 
beats·min-1 greater than HR.""", values, indicating that the high intensity is maintained over a 
prolonged period. Heart Rate Reserve (HRR) method depends on individuals' physiological potential, 
and so the high values for HRR,.""y (93%) and HRRm ... (81 %) signify that participants were highly 
engaged and motivated_ HRm= is well above the threshold outlined for health-enhancing physical 
activity and, despite a comparatively short duration, there is potential to further prolong periods of play 
if necessary. Physical activity guidelines for children (Biddle et al., 1998) state that VPA promotes 
muscular strength to a greater extent expected from participating in moderate-to-vigorous physical 
activity (MVPA). Moreover, VPA has the potential to increase cardiorespiratory fitness in children 
(payne & Morrow, 1993; Stratton, 2000) whilst improving bone health (McKay et al., 2005). Rniz et 
al., (2006) confirms that VP A is negatively related to body fat and deems that the intensity of physical 
activity rather than total participation may be more important in the prevention of childhood obesity. 
Metabolic data 
Absolute Y02_ and Y02m= values of i.6 and 1.5 L02'min-1 are exceedingly large for children and 
when adjusted for body weight the respective values become 37.4 and 34.8 ml02·kg-1·min-1. These 
values convincingly show that the consecutive whole-body movements required to play on the EOPD 
demanded significantly high energy expenditure. In depth discussion on the metabolic demands with 
regard to gender are provided in Section 8.3.3 and when compared with other physical activities in 
Section 8.3.6. 
Energy expenditure 
Participants' rate of energy expenditure was 7.6 kcals'min-1, if taken for game mean, and 8.3 kcals'min-1 for 
'steady state'. This high rate of energy expenditure is comparable to other vigorous sports reqniring 
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similar intermittent bursts of movement (see Section 8.3.6 for a full discussion). Total gross energy 
expenditure during a single game is 28 kcals using the 'steady state' rate of oxygen consumption as a 
means to compensate for the 'delayed' response of oxygen consumption at the onset of exercise. 
The energy cost of playing on the EOPD has been determined by measuring the oxygen 
consumption to calculate an average oxygen uptake per unit of time. If determined only during the 
activity, this value ignores anaerobic aspects of exercise and can underestimate the true value. During 
initial minutes of recovery, even though muscles are no longer actively working, oxygen demand does 
not immediately return to resting values. Instead, oxygen consumption remains temporari1y elevated. 
This consumption is called excess postexercise oxygen consumption (EPOC). The magnitude of EPOC 
depends on both duration and intensity of exercise which approximates to the size of the oxygen deficit 
at the beginning of exercise. Traditionally, the EPOC was thought to reflect just the anaerobic effort of 
exercise, but such a suggestion is too simplistic. Several factors combine to cause this increased 
postexercise need for oxygen (Wilmore & Costi11, 2004) Nevertheless, Scott & Kemp (2005) states 
that because the contribution of anaerobic energy expenditure to brief heavy to severe exercise can be 
significant, the greatest error in quantifying total energy expenditure for intense exercise may occur not 
by using a reasonable estimate of anaerobic energy expenditure but instead by omitting all estimates of 
anaerobic energy expenditure. Therefore, oxygen uptake for the game has been combined with oxygen 
uptake during recovery to reveal the total gross energy expenditure. Estimated total gross energy 
expenditure is 40 kcals. This value is considerably greater, nearly 33% more so, than the game mean 
value of 28 kcals and 'steady state' value of 30 kcals. This suggests that due to the high intensity and 
mode of the physical activity there may be a sizeable anaerobic contribution with blood lactate 
accumulation. Therefore this data suggests that play on the EOPD requires a considerable contribution 
from anaerobic energy systems and so measurement based on oxygen consumption will underestimate 
the true energy expenditure. Greater discussion on this anaerobic contribution exceeds the scope of this 
research and so only the level of aerobic energy contribution is used to compare with other physical 
activities later in the chapter. 
144 
8.3.3 Data split by gender 
Data contained in Table 8.5 has been split by gender to distinguish significant differences for 
psychological, performance and physiological responses. Independent t tests were conducted to 
analyse mean values. 
Table 8.5: Mean & S.D. of results for all of the sessions based in !lender 
Vari.ble m S.D. f S.D. 
RPE (exertion) *7.3 1.5 5.2 2.3 
RPC (competence) *7.8 1.4 5.7 2.0 
RPEn (enjoyment) 9.1 0.6 8.2 1.3 
Game score 4639.4 1373.0 3998.4 455.8 
Game suration (mm:ss) 03:34 00:17 03:45 00:10 
Rest period (mm:ss) 08:59 02:37 09:11 02:41 
HR,... (beats'min") 190.4 5.3 191.1 8.6 
HR.o..t" (beats·min") 185.4 5.9 186.6 10.4 
%HRR.."", 92.8 2.8 92.4 4.6 
VM (counts'min") *3854.2 584.0 3259.5 372.3 
x (counts'min") *2035.7 283.9 1716.1 132.1 
Y (counts'min") 2054.4 264.6 1857.1 357.2 
z (counts'min") *1746.7 468.8 1267.5 226.4 
YO,,,,,, (LO"min") 2.02 0.37 1.72 0.16 
YO",,,,,, (LO"min") 1.67 0.31 1.30 0.06 
YO,,,,,, (mlO"kg"'min") 45.0 6.7 42.4 0.3 
YO",,,,,, (mlo,'kg"'min") 37.2 5.8 32.2 2.5 
YE,... (L'min") *52.8 5.0 40.2 6.8 
VE~"", (L·min") *43.7 6.6 30.6 3.3 
YE.... (L'min") *39.9 4.6 28.1 3.4 
EE""", (kc.ls·min") 8.78 1.52 6.40 0.42 
EEmo..-.""" (kcals'min") 6.70 0.96 5.16 0.65 
ReI EE.,,,,,, (kca!s·kg·'·min") 0.199 0.0345 0.158 0.006 
ReI EEm-oy (kca!s·kg·'·min·') 0.152 0.019 0.127 0.001 
Gross EE .. "", (kc.ls) 31.9 7.1 24.4 2.4 
Gross EEmo..-.v"," (kc.ls) 41.4 7.1 34.2 3.5 
... significant difference between males & females 
Significant differences were identified for both RPE and RPC but not for RPEn. Unlike the previous 
experimentation, females rated themselves significantly lower for perceived exertion and competence. 
All HR mean values were remarkably close for both male and female participants, particularly %HRR, 
demonstrating that the individual cardiovascular demand was comparable. Significant difference for 
VM accelerometer counts existed with particular reference to both x and z axes, although no significant 
difference was seen for the y axis. In addition, there were no significant differences for any of the 
metabolic values apart from minute ventilation (VE). VB for females was significantly lower for peak 
values, 'steady state,' and game mean. All male mean values were higher but not significantly different 
for oxygen uptake, respiratory exchange ratio and energy expenditure. 
When analysed to differentiate between male and female participants, a significant difference in 
RPE was confirmed. Males rated perceived exertion higher than females (7.3 vs. 5.2), a figure reflected 
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by a significantly higher rate of accelerometer counts for VM, x, y and YE. In addition, males achieved 
a higher, although not significantly so, game score. This higher intensity is not supported, however, by 
any significant difference in HR or any other metabolic data. It should be noted that this significant 
difference was not observed in the previous experimentation on the MTR, and so the incorporation of 
activity switches may have increased the difficulty, thus increasing the perceived exertion of females 
whilst reducing their perceived competence. 
Males rated themselves significantly higher for RPC than females; in agreement with current 
views that many females lack perceived competence in comparison with their male counterparts, 
negatively impacting on their participation levels. Young males are commonly reported to be more 
active than young females, although this difference is reduced when only moderate activity is 
considered (Riddoch & Boreham 1995). Taking into account the vigorous natore of play on the EOPD 
and that males tend to participate in far more vigorous activity than girls, it was expected that males 
would prefer the EOPD than girls. Encouragingly, no significant differences existed in perceived 
enjoyment as both sexes rated enjoyment extremely high. 
Studies investigating children's aerobic fituess consistently demonstrate that between the age of 
8 and 18, boys' mass-related peak oxygen uptake remains unchanged at approximately 50ml'kg-1'min-1 
whereas girls' values decline from 45 to 35 m102·kg·min-1 after about 14 years old (Armstrong & 
Welsman, 2000). If these values are used for a means of evaluation, game VO""", values for males 
represent 90% and females 94% of peak oxygen uptake while V02_ values for males are 74% and 
females 72%. 
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8.3.4 Data for each game 
To investigate the effect of repeat games, the data in Table 8.6 is separated according to the order of 
games. A one-way repeated measures ANOV A was used to evaluate any significant differences. 
Table 8.6: Mean & S.D. for all results based on !lame r:Eetition 
Vari.ble Game I S.D. Game 2 S.D. Game 3 S.D. 
RPE (exertion) b5.7 1.8 6.7 2.3 '7.6 2.5 
RPC (competence) '6.3 1.8 '7.7 2.1 7.4 2.5 
RPEn (enjoyment) 8.4 1.2 8.8 1.0 8.9 1.4 
Game score '3931.6 1172.1 4618.4 1178.1 4526.8 1265.7 
Game duration (mm:ss) 03:36 00:22 03:37 00:19 03:40 00:16 
HR,.... (beats'min") '185.5 9.4 193.0 5.6 193.3 6.9 
I!R"""" (beats'min") '180.6 9.7 187.9 7.8 189.5 7.8 
HR",... (beats·min·') '169.0 10.3 174.8 9.1 178.1 7.8 
%HRR"""" '87.1 5.9 93.7 3.5 94.9 3.3 
%HRR",.., '76.9 5.3 82.0 4.9 84.7 3.9 
VM (counts·min·') 3605.5 447.5 3493.3 423.0 3504.4 690.9 
x (counts'min") 1894.3 191.7 1874.2 265.7 1851.0 440.5 
Y (counts'min") 1992.6 329.7 1902.0 245.7 1937.4 409.3 
z (counts'min") 1508.9 329.6 1467.3 298.2 1478.7 380.0 
Vo,,,,,,,, (LO,·min·') 1.93 0.38 1.93 0.36 1.93 0.32 
VO,.""" (W,'min") 1.56 0.32 1.55 0.28 1.58 0.36 
VO,_ (LO"min") 1.47 0.29 1.46 0.28 1.50 0.31 
Vo,,,,,,,, (mIO,.kg"·min") 44.2 6.0 44.1 4.6 44.6 6.7 
VO'o<Ody (mIO"kg"'min") 35.5 4.2 35.5 5.4 36.2 7.2 
VO,m= (mIO"kg"'min") 33.5 4.5 33.5 4.3 34.3 6.0 
RER"... 1.12 0.10 1.08 0.11 1.06 0.08 
RER,""'r b1.03 0.09 0.97 0.10 bO.95 0.12 
RER",... 0.98 . 0.08 0.92 0.08 0.91 0.10 
~ (LO"min") 49.9 9.3 48.3 7.1 49.5 10.1 
VE.'oodr (LO"min") 40.8 7.5 38.7 7.1 40.2 12.2 
VE",.,. (LO"min") 37.1 6.5 35.4 6.2 37.1 9.4 
EE"""" (kc.1s-min') 7.82 1.60 7.69 1.44 7.83 1.89 
EE",.,. (kcaIs·min") 7.32 1.46 7.23 1.38 . 7.38 1.62 
~''''' (kc.ls·min") 6.26 0.96 5.99 1.06 6.23 1.15 
Rei EE,t<Ody (kcaIs'kg"'min") 0.178 0.022 0.177 0.028 0.180 0.039 
Rei EE",= (kcaIs'kg"'min") 0.168 0.024 0.166 0.023 0.170 0.033 
Rei EE",=.""""" (kcaIs·kg"·min·') 0.144 0,017 0.138 0.020 0.143 0.023 
Gross E~ (kcaIs) 28.0 5.2 27.3 5.5 27.7 5.8 
Gross EE",.,. (kcaIs) 26.2 4.4 25.7 5.6 26.2 5.2 
Gross EE"""..,.",,,,, (kcaIs) 38.9 7.6 38.2 7.2 35.7 6.5 
Durationmean+rccovery (mm:ss) 06:11 00:30 06:27 01:07 05:49 01:08 
a = significant difference between game 1 - game 2 & game 1 - game 3; 
b = significant difference between game 1 - game 3; c = significant difference between game 1 & game 2 
Significant differences were observed as RPE increased from game I to game 3 while RPC was 
significantly lower for game I than game 2. The RPC values also reflected the scores attained, as a 
significant difference existed between game I and game 2 and between game I and game 3. 
147 
All HR data for game I was significantly lower than game 2 and game 3, although no 
significant differences were observed between game 2 and game 3. 
No significant differences were observed for any other parameters except RER,'"d, which was 
significantly higher for game I than game 3. 
Figure 8.6 (left graph) shows that RPE increased in a linear fashion from game I to game 3 with 
a significant difference between game I (5.7) and game 3 (7.6). The likely explanation is either that 
participants tried harder after each attempt, increasing their relative intensity (confirmed by HR but not 
metabolic data) resulting in an increase in perceived exertion, or that after each attempt participants 
became more and more fatigued (not confirmed by the recovery duration) which increased their 
perceived exertion. A significant difference in RPC was observed between games I and 2 but not 
between any other games, suggesting that the initial famil iarisation period may not have been enough 
or that participants could not correctly determine their competence rating until able to compare it with 
another game. 
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Figure 8.6: RPE, RPC & RPEn / RT3 VM, score, duration & recovery for game repetitions 
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Figure 8.6 (right graph) plots a number of parameters to help explore interacting factors. A significant 
difference for score existed between games I and 2 and also games I and 3. This illustrates that 
participants' performance improved considerably from game I, in spite of the fact that game duration 
did not significantly differ. Mean-plus-recovery duration marginally increased for the second game but 
then decreased for the last game suggesting that participants may not have become more fatigued 
during later games. The VM accelerometer counts remained remarkably similar across all games, even 
though the score increased significantly. VM counts actually decreased slightly signifying that 
unnecessary movements may have caused lower scores. 
Figure 8.7 (left graph) presents three individual axes used to calculate YM. Axis x represents 
the vertical motion, y the antero-posterior motion (forwardlhackward) and z the mediolaterol motion 
(side-to-side). Axes x and y are very sin)ilar, approximately 1900 counts'min-I thought mainly due to 
running motion. The value for z may be attributed to the layout of the EOPD which promotes the need 
for side-ta-side movements similar to sports such as basketball and soccer. 
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Figure 8.7: RTI counts I Peak, 'steady state' & mean HR for game repetitions 
Figure 8.7 (right graph) presents HR data offering an insight into the change in peak, 'steady state ' and 
game mean values across three games. All three HR parameters are significantly lower for game I than 
any other game indicating again that the initial familiarisation period may not have been long enough 
or, alternatively, that participants were highJy motivated to improve on their previous score. HR data is 
constant between game 2 and game 3 with HR"m values decidedly high at 97% of what is considered 
maximal for children. HR."", values are also exceptionally high (approximately 95% of maximal) 
considering that they are maintained for a minimum I minute period. HRmean values afe obviously 
lower due to the inclusion of near resting values at the start of the game due to cardiovascular 'delay' 
in response to the onset of exercise. Therefore to account for this 'delayed' response when comparing 
the intensity levels of different physical activities 'steady state' HR values are commonly used. 
Relative oxygen uptake values are plotted in Figure 8.8 (left graph). Unexpectedly, all values 
remain extremely similar even though there is a significant difference in HR, game score and 
accelerometer counts. These values highlight how effective the game fonnat is at raising oxygen 
consumption levels during high intensity, intennittent play. V02",,, values were considerably higher 
. . . 
than both V02."", and V02~' Breath-by-breath V02 responses are intrinsically variable even during 
so caUed 'steady state ' exercise, The source of this variance is predominantly due to breath-by-breath 
differences in YE which is caused by inconsistencies in both tidal volume and breathing frequency. 
Therefore, precisely measuring the response to physical activity for children in comparison to adults is 
even more difficult as their smaller muscle mass means that the V02 amplitude is small showing even 
greater breath-by-breath variance (Fawkner & Annslrong, 2007), 
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RER.,,,,,y shows a significant reduction from game I to game 3 while RERpw and RER", .. are seen to 
reduce. The differences are not significant. RER values normaUy increase with exercise intensity to 
reflect carbon dioxide production VCO" through buffering lactic acid and substrate utilisation 
(Armstrong & Fawkner, 2007). Values over 1.00 are frequentl y measured during maximal exercise 
testing but are highly dependent on the type of protocol. The high value recorded during tbe first game 
could indicate that participants exercised at maximal exertion levels but the cardiovascular and 
metabolic data does not entirely substantiate this. Instead, panicipants may bave staned to fatigue 
earlier in this game and so, to compensate, reduced their overall intensity. 
The relative energy expenditure values for 'steady state', game mean and mean plus recovery 
are plotted in Figure 8.9. No significant differences were observed, even though significant differences 
were recorded in RE~ and HR data. Consistency in oxygen uptake for each game is again reflected 
by the similar values for energy expenditure. Gross energy expenditure can, therefore, be calculated 
with confidence for a single game play on tbe EOPF, even if the game score varies slightly. 
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8.3.5 Questionnaire results 
Product evaluation questionnaire (Appenrux G) results are presented in the following section. Table 
8.7 outlines the answers given to question I which begin the sentence 'What I liked about the device 
was ... ' Results have been listed by the number oftimes a particular word or phase was mentioned. 
Table 8.7: Responses to 01 ranked by number oftimes mentioned 
Likes # Responses 
Fun / enjoyable 13 
Active / exercise 9 
Interactive 6 
Challenging / improve score 3 
Switch activities 3 
Rest periods 2 
Exciting 2 
Play with friends I 
Unpredictable I 
Unique 1 
The most referred to phase was 'fUn/enjoyable' with a total of 13 responses, followed by 'active' with 
9 responses and 'interactive' with 6 responses. Perceived enjoyment ratings are clearly corroborated by 
the number of responses stating that the EOPD was 'fUn/enjoyable.' Participants stated that they liked 
the fact that the EOPD made them 'active' whilst being able to 'interact' with the game. The 
. interactive nature of the EOPD is important as it provides both sensory and performance feedback 
deemed worthy of physical effort. Participants referred to the EOPD as 'challenging' and liked 
'improving my score' suggesting that the physical activity may have been difficult but many focused 
on trying to improve their performance. Other participants mentioned that they liked the different 
'switch activities', the fact that there were in-game 'rest periods' and that it was 'exciting '. 
The results in Table 8.8 are participant responses to question 2 which started the sentence' What 
I disliked about the device was ... 'Phrases are listed in descending order by the number of times stated. 
Table 8.8: Responses to 92 ranked by number of times mentioned 
Dislikes # Responses 
Switches not smooth 6 
High switches 4 
Sound not working 3 
Sound volume 2 
Similar switches 1 
Nothing 1 
Lights not visible 1 
Switches not sensitive 1 
Difficult 1 
Not enough levels I 
Low switches I 
Memorise switches 1 
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When comparing lhe responses for question I and 2 there were more positive than negative responses 
suggesting an overall liking for the EOPD. The most mentioned negative response was that some of 
the 'switches were not smooth '. This refers mainly to the actuation of activity switches 'i.stamp· and 
' i.pull' which, although working, had an unsmooth action. Second on the list o f dislikes was that some 
of the activity switches were ' too high' . It was noted that participants under approximately 1.5 m tall 
had to stretch fully or, on some occasions, jump to reach the two upper most activity switches. 
Positioning of these activity switches aimed to increase the range of motion and to maximise energy 
expenditure but some participants may have believed they were suffering a disadvantage when trying 
to achieve a high score. Technical difficulties resulted in some of the ftrst participants experienc ing 
intermittent sound effects, all these experiences have been reflected in the feedback. Other responses 
indicated that the LED lights were 'not visible' in bright daylight, that the game was too 'difficult ' or 
that there 'weren't enough levels '. Many of these statements wi ll be used to determine areas for future 
development and are discussed in Section 8.5. 
Question 3 asked participants ' Which session did you prefer? A ranking method was provided 
so that each participant could explicitly state their favourite, second favourite and finally their least 
favourite. Tbe results are presented in Figure 8. 10. Game 3 is the favourite amongst many whilst 
simultaneously being identified as least favourite by an equal number of participants. This may be 
explained by some participants believing that the more games they played, the better they become, 
whereas others may bave felt that they were fa tiguing the more consecutive games played . 
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Figure 8. 10: Response to game preference for game repetitions 
As with the MTR analysis, the results have been conven ed into a point matrix. Because the games 
used the same settings there is not a large difference between the three, only game 2 was rated slightly 
lower. The high number of participants ranking game 3 as either their favourite or least favourite 
means that some may have improved the more they played, while others may have become more 
fa tigued. Results for questions 4-6 are presented in Figure 8. 11 along with the number of responses. 
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Figure 8.11: Responses to play frequency & device comparison questions 
To gain an understanding as to how popular current p lay devices are amongst the sampled population, 
question 4 asked participants 'how often they played on traditional playground equipment'. The results 
varied but most stated that they visited a park 'once a week' during the summer holiday. This indicates 
that , amongst this age group, Traditional outdoor play equipment (TOPE) is still quite popular and well 
used. When asked in question 5 'if the new device was available at the local park would it encourage 
you to play there more often' all participants responded positively with either 'definitely yes' or 
'probably yes'. This is very promising as the presence of an EOPD at the local park could in fact 
persuade more children to visit and become more active. When asked in question 6 wbether 'the new 
device is better or worse than traditional playground equipment' the vast majority again responded 
particularly positively with 'definitely better'. Only two responded with 'slightly better.' This type of 
reaction shows tbat there is definitely room for improvement in the field of TOPE and that the EOPD 
goes someway towards enhancing current play options. To further enhance the EOPD, participants 
were asked in question 7 'what could be improvetf!' Table 8.9 presents the list of suggestions along 
with the number of times they were mentioned. 
Table 8.9: Responses to 97 ranked by number of times mentioned 
Suggested improvements 
Fix speakers 
Smoother I easier switches 
More levels 
More LED displays 
Lower switches 
Louder I clearer sound 
Smaller version 
More switches 
Space switches out more 
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# Responses 
4 
3 
3 
2 
2 
2 
1 
1 
8.3.6 Comparison with other physical activities 
There is very little data available on the energetics of children's physical activities with even less 
published on normal play activities. The main difficulty when assessing children's nonnal physical 
activities is that they are usually spontaneous, vary greatly in intensity over very short periods of time 
and rarely, if ever, reach a 'steady state' Bailey et al., (1995). 
A method employed to compare and calculate the energy cost of different physiCal activities is 
known as Metabolic Equivalent (MET). One MET for an adult is defmed as the energy expenditure of 
sitting quietly. When measured via oxygen uptake this is defined as 3.5 ml02·kg·l·min·1 or I kcals·kg·l 
·hour·l . The MET compendium, detailing a multitude of different physical activities, is applicable for 
adults but not children. Resting energy expenditure (REE) and the energy cost of completing certain 
physical activities is greater for children than adults. Harrell et al., (2005) states that 
I) from 7 years to 12 years of age, there is no difference in energy cost between boys and girls; 
2) at about 12-14 years of age girls may have attained adult responses; 
3) boys do not achieve adult responses until they near the end of adolescence. 
The MET values for game mean, 'steady state' and peak have been calculated and are presented in 
Table 8.10. The mean resting oxygen uptake for the whole group is given alongside the resting value 
stated for this age group by Harrell et al., (2005). 
Table 8.10: Metabolic equivalents for playing on the EOPD 
Parameters Group Adjusted" 
Resting V02 ml02'kg-I'min-1 7.3 5.9 
MET"", 6.3 7.7 
MET"""" 5.2 6.3 
MET""", 4.8 5.9 
• adjusted using resting values from H.rreU et al. (2005) 
The measured resting value was considerably higher than that published by Harrell et aI., (2005). The 
adjusted MET values show that peak values reached 7.7 times resting whilst 'steady state' was 6.3 and 
game mean was 5.9. When comparing physical activities, 'steady state' values are generally used to 
negate the influence of the 'delay' in oxygen uptake. 
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In order to compare the energy expended during a 5 minute session on the EOPD, reference details are 
provided for other types of physical activities. The energy expenditure data presented in Table 8.11 is 
representative of a child with a body mass of 45 kg. 
Table 8.1 1: Energy expended on EOPD compared with other physical activities (Bar-Or, 2004) 
Activity kcal'5min" 
Sitting (complete rest) 5 
Walking 4 km'h" 14 
Cycling 10 km'h-' 15 
Dance Dance Revolution· 16 
Walking 6 km'h-' 17 
Cycling 15 km'h" 23 
Tennis 25 
Swimming (front crawl) 28 
Running 8 km'h-' 36 
Basketball 39 
Soccer 41 
EOPD 43 
Running 10 km'h" 43 
Squash 48 
Running 12 km'h-' 50 
Running 14 km'h-' 57 
* I anningham-Foster et., (2006) 
A child will expend 43 kcals whilst playing on the EOPD. When compared to activities, for the same 
duration, the energy expended is comparable to traditional team sports such as basketball and soccer or 
activities such as running at 10 km·h-'. 
There is a general lack of published research into whole-body interactive ganting. A study by 
Tia et al., (2005) compared 'Dance Dance Revolution (DDR)' with brisk treadmill walking found a 
significantly higher level of participant enjoyment for DDR than treadmill walking, 4.1±O.9 vs. 
3.l±1.2 (a scale from 1 for low to 5 for high was used). In addition, a study by Luke et al., (2005) 
found that participants rated enjoyment highly, 4.4 out of 5, for whole-body interactive games. 
Research into a new generation of active video ganting, conducted by Graves et al., (2007), found that 
participants playing on the Nintendo Wii used less energy than when participating in traditional sports 
such as tennis, boxing and even bowling, stating that the "exercise was not intense enough to 
contribute towards the recommended amount of daily physical activity for children. " 
An extensive list of physical activities has been compiled from the research available, detailing 
metabolic, HR, accelerometer, RPE, RPEn and MET data for children aged approximately 12 years 
(Appendix G). Particular emphasis was placed on compiling a comprehensive list of published data on 
'exerganting'/interactive electronic equipment. The measured data for the EOPD has been included to 
enable direct comparison. When evaluated against all other forms of published 'exergaming' such as 
dance simulation games, whole-body arcade machines, Sony Eyetoy and Nintendo Wii Sports, 
physical activity on the EOPD requires greater relative oxygen consumption, greater cardiovascular 
demand, greater intensity of movements (recorded at the hip) and expends energy at a greater rate. 
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8.4 Limitations of study 
There were a number of limitations to the study. Firstly, although a considerable number of 
participants completed the experimentation, some HR data was lost due to electrodes losing contact 
with the skin during vigorous play. In addition, equipment failure meant that fewer participants 
completed the validation process with the portable metabolic system than intended. 
Assessing energy expenditure via motion sensing devices worn only on the hip will inevitably 
underestimate the true cost of an activity requiring upper body movements. Despite this, the method 
proved extremely simple to execute whilst gathering valuable data for assessing intensity levels during 
active periods and the duration of non-active periods. 
Unfortunately, during the early experimentation sessions the EOPD audio system did not work 
correctly. Instead only intermittent commands conld be heard. The problem was identified before any 
measurements were taken and in an attempt to overcome this problem, an investigator voiced the 
commands as soon as they appeared on the LED display. The method proved to be a practical solution 
and is thought not to have inhibited the resnlts. 
Under normal circumstances, the assessment of physical activity is conducted during periods 
referred to as 'steady state,' whereby external loads are kept constant enabling the measurement of 
'true' physiological parameters. The type of high intensity, intermittent, physical activity needed to 
play on the EOPD meant that no true 'steady state' existed. For this reason a functional approach was 
employed so that comparisons with other types of physical activity could be investigated. 
8.5 Recommended improvements 
The validation process highlighted a number of EOPD improvements whilst informal observations led 
to other possible enhancements: 
I) Intermittent audio - the irregular sound problems experienced in earlier tests were solved with 
minor software updates. 
2) High friction of activity switches - heavy use prior to the experimentation had caused wear on 
the shaft and linear bearings of i.stamp and i.pull. A new linear bearing needs to be found that 
can cope with both intensive use and high forces. 
3) Activity switch lights - participants highlighted the fact that the integrated activity switch 
LEDs conld not be seen in bright daylight. To solve this problem higher powered LEDs must 
be used or a greater area illuminated. 
4) Similar activity switches - a few participants mentioned that some of the activity switches 
were too alike. An extensive array of finalised designs will be available for future updates. 
5) Additional levels - some participants wanted more levels enabling them to continue playing 
as the speed and intensity of the game continued to increase. Extra features can be uploaded 
on a regular basis, using mobile phone technology to ensure continual development. 
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6) Instructions to start games - it was observed that some users found the game selection and 
start sequence tricky. Therefore, a simple set of instructions may be necessary or the start 
protocol could be adjusted to make it more intuitive. 
7) Eliminate cheating - when played without supervision some users have been observed trying 
to achieve the highest score possible by placing a person on each activity switch. Although, it 
may improve cooperative teamwork, future versions should eliminate this mode of play, or 
more shrewdly, devise a game based around it 
8.6 Conclusions 
Experimentation conducted to validate the EOPD demonstrated that participants aged from 10 to 12 
years old found the play experience to be really enjoyable (RPEn of 8.7) and one that they were really 
good at (RPC 7.0) making them vigorously (HR",..y 186 beats·min·l ) physically active for a sustained 
duration (3 minutes 38 seconds) even though it was tiring (RPE of6.5). Motion sensing at participants 
waist (RT3 total VM of3602 counts'min-I ) and the relative VU,_ consumption (37 rul0,·kg- l ·min-l ) 
confirmed the vigorous, load-bearing, nature of the physical activity. Moreover, a single game on the 
EOPD resulted in a gross energy expenditure of 30 kcals (during 'steady state') similar to that, over the 
same time period, as traditional team sports such as basketball and soccer or activities such as running 
at 10 km·h·l • 
Game settings implemented on the EOPD retained the level of intensity observed during the 
MTR experimentation whilst further prolonging the game duration over all of game types (A, B &C). 
However, prolonging the intensity, or the inclusion of activity switches, resulted in slightly higher 
perceived exertion but with the same level of perceived competence and, more importantly, the same 
perceived enjoyment. 
Participants stated that they liked the EOPD because it was both 'fUn' and 'interactive' whilst 
'challenging' them and getting them physically 'active'. In addition, the presence of the EOPD at the 
local park would 'definitely' encourage some and 'probably' others to play there more often with most 
believing it to be better than TOPE. 
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Chapter 9 
Conclusions and recommendations for 
further work 
9.1 Overview of research: main achievements and findings 
This research aimed to develop a new outdoor play device that maximised energy expenditure and 
perceived enjoyment of children whilst minimising their perceived exertion. Based on whole-body 
interactive gaming, this novel concept represents a radical departure from traditional outdoor play 
equipment. By employing research led design the factors affecting energy expenditure; perceived 
enjoyment and perceived exertion were identified and effectively manipulated. 
9.1.1 Energy expenditure, perceived enjoyment and perceived exertion 
Two principal components influencing total energy expenditure are exercise duration and rate of 
energy expenditure. Duration was maximised by prolonging play; knowledge based game settings 
were implemented to provide adequate time allowances and to reduce the chances of premature failure, 
extra 'lives' were provided. Rate of energy expenditure was maximised by incorporating directed 
exercise necessitating an extensive range of whole-body movements that successfully activated high 
proportions of muscle mass, i.e. running, lunging and jumping. Additionally, employing game settings 
that intensified these movements, i.e. repetition of movements within a short, ever decreasing time 
period, again encouraged elevated energy expenditure. 
Perceived enjoyment was maximised by developing a straightforward, yet challenging, 
interactive game providing continnal reinforcement and incentive for high effort. The uncomplicated 
nature of the game aids perceived competence of users not normally engaged in vigorous physical 
activity or those lacking in sports-specific skills. Intensity, at the start of the game, is set at a 
reasonably low level to nurture less physically competent users by building confidence. As the game 
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progresses, it becomes increasingly intense, faster-paced and higher-scoring, sufficient to effectively 
stimulate more physically co.mpetent users. A reactio.n time based sco.re serves to. mo.tivate users 
enco.uraging them to. exert themselves in order to co.mplete the game with a higher score than their 
peers. 
Bo.th physio.logical and psycholo.gical facto.rs influence perceived exertio.n. To. minimise the 
effect o.f physio.logical parameters o.n perceived exertion the EOPD promotes physical activity with 
familiar mo.vement patterns (running, jumping & stretching), intermittent play, reduced repetitio.n 
using a random sequence o.f co.mmands and mo.vements that are easy to perfo.rm. To. minimise 
psycho.logical effects o.n perceived exertio.n, the EOPD pro.vides disasso.ciatio.n stimuli in the fo.rm o.f 
an enjoyable game during which audio. and visual feedback further distracts and simultaneo.usly 
enco.urages participants. 
Techniques, as detailed above, assist in minimising perceived exertio.n and are effective when 
co.mpared to. co.mmo.n physical activities. However, the inclusio.n o.f activity switches requiring 
co.nsiderable use o.f upper bo.dy muscle groups may have increased perceived exertio.n but o.nly to. a 
similar level o.f predicted values. Despite this slight increase in perceived exertio.n a negative impact o.n 
enjoyment was not observed. 
9.1.2 Development of an electronic outdoor play device 
Development of an electronic outdoor play device followed as a resnlt of a research led process. Initial 
design phases resnited in a novel idea hypothesised to. have a po.sitive effect o.n children's participation 
and adherence to physical activity. In o.rder to determine whether such an idea was feasible a co.ncept 
was prototyped and tested allowing preliminary game parameters to be established. Enco.uraged by 
initial testing which suggested that the hypo.thesis was valid, further design wo.rk was undertaken. This 
focused on ergo.no.mic co.nsiderations such as determining the spatial layo.ut and position o.f activity 
switches to maximise energy expenditure whilst pro.mo.ting movements requiring high flexibility. A 
mo.re advanced pro.totype based o.n the research led dimensions was manufactured permitting a greater 
number o.f game settings to be adjusted and all performance parameters to be recorded. Extensive 
experimentation determined that the game concept was extremely robust; physiological and 
psychological responses of children were not adversely affected by small changes in game settings. 
The fina1 EOPD incOlporates both audio and visual feedback. Six activity switches, each 
reqniring different movements to activate them, are po.sitioned within a semi-sphere measuring 4 
metres in diameter and at 3 discrete vertical heights (0.4, 1.0, & 1.9 metres). An allo.wance of 4 
seconds is given, during a single-player game, between a command and the user having to operate the 
switch, a period which reduces by 10% every 10 hits. Users are granted 3 'lives' and 4 rest periods 
over 5 levels reqniring a total of 50 hits to achieve co.mpletion. 
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9.1.3 Validation of the electronic outdoor play device 
Mass manufacture by an established playground company meant that EOPDs have been installed 
across the UK. As a result, the validation experimentation was conducted in-situ at a local, municipal, 
parlc. During the experimentation an array of methods were employed to measure the physiological and 
psychological responses of children playing on the device. A scale specifically designed to rate 
children's perceived exertion was used. Sinlilarly, two scales based on a comparable format were 
created to determine perceived competence and enjoyment. These parameters are often ignored when 
evaluating children's physical activities forming a crucial omission as they are often reported to have a 
considerable impact on children's participation and adherence to physical activity. Data surrounding 
the intensity and energy expended during a single game was determined using a combination of three 
methods: heart rate (HR) telemetry, accelerometry and breath-by-breath metabolic analysis. To 
investigate both the intensity and beneficial load-bearing nature of the game accelerometers placed on 
the hip recorded participants' physical movements and non-movements (i.e. rest periods) such a 
method would be recommended for future studies as it proved trouble-free and extremely reliable. 
Continuous HR recording provided important information regarding the high cardiovascular demand 
necessary to progress through the game. Despite being simple to administer and analyse this method 
proved less reliable with some data loss during play due to lack of contact between electrodes and skin. 
Breath-by-breath metabolic analysis proved the least reliable method of data collection as the complex 
and fragile nature of the equipment resulted in failure on several occasions. However, the data gained 
using this method proved extremely insightful enabling direct comparison with other studies. In order 
to evaluate the results, a comprehensive catalogne of children's physical activities were compiled 
which included interactive electronic gaming and whole-body 'exergaming'. A collection of this kind 
has not previously been published and so represents a valuable resource for future reference. 
Results from the validation process confImled that children playing on the EOPD believed it to 
be extremely enjoyable even though they were exercising at a vigorous intensity (> 6 METs). This 
finding contradicts many studies which state that sustained vigorous intensity is generally disliked by 
children. Encouragingly, girls enjoyed the vigorous physically activity as much as boys which may 
persuade them to continue playing even though it has been widely acknowledged that, at this age, their 
participation in physical activity declines sharply. It was confirmed that rate of energy expenditure 
during play on the EOPD is similar to that of playing team sports such as soccer and basketball or 
activities such as running at 10 km·h· l whilst the movements involved are comparable to racquet sports 
such as squash and tennis as demonstrated by the development of simulation protocols resembling the 
mode of play seen on the device. Repeat evaluation confirmed that the total energy expended during a 
single game varies very little and can be confidently estimated for both girls and boys. 
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9.2 Benefits of the electronic outdoor play device 
In spite of the high levels of participation in sedentary interactive gaming, only recently has there been 
a trend towards gaming involving the use of more than just finger tip controls. A rapid gain in 
popnlarity of 'dauce' video games illustrates that there is yet further potential to enhance whole-body 
gaming. 
Combiuing whole-body interactive gaming and outdoor play is revolutionary within the field of 
traditional playground equipment which has witnessed only minimal modifications over several 
decades. The EOPD provides an exciting alternative for a generation of children more used to 
interacting with technology discouraging physical activity rather than promoting it. 
Architecture of the EOPD has been designed specifically to accommodate a wide population, 
particularly wheelchair users, and has the potential to enhance the current levels of vigorous physical 
activity for a large number of individnals. Additional development work, not specific to this research, 
has centred on designing different games in order to allow a number of individuals to be physically 
active on the EOPD at the same time. 
New technology incorporated in the device provides a range of opportunities not previously 
exploited in the playground environment. New games and feature updates can be uploaded to all the 
EOPDs at the touch of a button while alerts can be sent to the manufactnrer notifying of them of any 
maintenance requirements. 
9.3 Limitations of research 
9.3.1 Maximal exercise testing 
Typically, to gain a comprehensive understanding of participants' physiological capabilities, maximal 
exercise testing is conducted. Normally performed using an incremental treadmill protocol, maximal 
exercise testing allows an individual's aerobic fitness to be accurately assessed by determination of 
their peak oxygen uptake. If maximal values were established then measurements obtained during the 
EOPD experimentation could have been evaluated to determine at what level of their capability 
participants exercised. In addition, the process establishes maximum values for exertion and, therefore, 
provides an excellent means of anchoring the rating of perceived exertion scale. However, the 
drawback of this method is that the values attained are specific to protocol, and so are relevant only to 
continuous activities such as runuing, whereas on the EOPD, physical activity is intermittent and 
requires extensive use of upper body muscle groups. 
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9.3.2 Estimation of energy expenditure 
Indirect calorimetry is a proven method for measwing the energy expenditure of children across a 
range of intensities. Calculation of energy expenditure is, nevertheless, based on the attainment of a 
physiological 'steady state'. The intermittent physical activity on the EOPD never reaches a true 
'steady state' and, therefore, a pragmatic approach was adopted so that a good estimation could still be 
made. Furthermore, the true energy expended during a single game relies on the interaction of more 
than one non-aerobic energy system In order to calculate a more realistic estimate· of total energy 
expenditure, oxygen consumption dwing recovery was measured. To precisely quantify total energy 
expenditure, techniques such as direct calorimetry would need to be employed. 
9.3.3 Comparison with existing playground equipment 
No research has been published which accurately quantifies the energy expenditure of children when 
playing on existing playground equipment. Therefore, to effectively compare the new device extensive 
experimentation would need to be conducted on a multitude of traditional and contemporary 
playground equipment. Physical activity on the EOPD is highly repeatable, with little variation 
between games or individuals. Hence, physiological and psychological parameters can be determined 
directly, whereas play on existing playground equipment is anything but. Without actual data to 
compare the different modes, accurate judgements cannot be made. Rather than a replacement of 
traditional outdoor play equipment, the presence of the EOPD is envisaged to be a positive addition, 
encouraging continued participation in health-enhancing physical activity. 
9.3.4 Short term effects 
Results from the evaluation experimentation have indicated that a new interactive whole body play 
device can be successfully developed based upon techniques thought to maximise energy expenditure 
and enjoyment whilst minimising perceived exertion. A limitation of the research however is that 
although repeat measures were implemented to minimise novelty effects the results are based solely on 
short term experimentation. To quantify the true impact of the research, long term evaluation on the 
sustained participation of children and the subsequent enjoyment levels is necessary. 
9.4 Recommendations for future research 
9.4.1 Participation and adherence evaluation 
All user activity on the EOPD is recorded. Utilising wireless technology, data from devices installed 
across the UK can be collated, with minimal effort or expense, in order to develop a representation of 
generic performance, participation and adherence. Further work would concentrate on creating a 
suitable database from which desired information could be extrapolated. Opportunities for future 
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research are extensive as children's natural play behaviours are not currently well understood. Potential 
research topics include: variations in play due to region, time of year, weather and school holidays. 
More specifically, future research should identify if novelty effects existed during this research with an 
aim of quantifying the impact of incorporating new games or features. Alterations in participation 
levels across the country could then be investigating to classify successful adherence strategies. 
As the device is hypothesised to increase adherence to health-enhancing physical activity, 
longitudinal research should be conducted on a variety of children to investigate if participation 
persists, and if so, whether there are any physiological benefits in comparison to a control group. 
9.4.2 Full motion analysis 
For a comprehensive evaluation of the physical activity on the EOPD, full motion tracking should be 
performed to determine the precise nature of body movements and associated muscle activation. A 
basic overview of movements and muscle activation is detailed in Chapters 4 & 7, however, merely 
listing them does not fully describe the interactions of muscles or forces produced. Sophisticated 
motion tracking, on the other hand, generates a full account of movements defming joint angles, 
accelerations and displacements. Movement patterns could then. be identified that are specific to 
structured sports in order to establish if repetitive play on the EOPD had the potential to evoke a 
beneficial training effect. 
9.4.3 Different games 
Research has focused on the optimisation and validation of just one single-player game. Further work 
should develop and evaluate other games as discussed in Chapter 7. Evaluation of multi player games is 
of particular interest as social interaction is known to have a positive effect on child development and 
exercise adherence. Maximising the number of children able to play on the device at the same time is 
also of benefit. Further research should investigate whether significantly reducing the intensity and 
substantially prolonging the duration of some games is particularly appealing to certain individuals. 
9.4.4 Inclusive play 
A secondary objective for the EOPD design was that it should promote inclusive play. Throughout the 
development process provision for play by a wide population was accommodated by defining suitable 
layouts and design features which allows users with hearing impairments, visual impairments and 
wheelchair users to play alongside young children and supervising adults. Although simple to operate, 
interface designs for the activity switches have not yet been validated and so are potentially restrictive. 
Further research should investigate what difficulties users experience when interacting with the device 
to determine if any design alterations are required and how the software can be better adapted to best 
suit their needs. 
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9.5 Final conclusions 
A new electronic outdoor play device has been developed that departs radically from traditional 
outdoor play devices. Development of the device is based on rational physiological and psychological 
research in an attempt to maximise the energy expended by children during enjoyable physical activity 
without them focusing on the high intensity required. It has been shown that electronic technology can 
be incorporated into a playground environment to encourage physical activity in boys and girls that is 
both vigorous and enjoyable. In summary, key insights arising from this research are as follows: 
• Playing on the EOPD is enjoyed by both boys and girls 
Mean value ratings of perceived enjoyment from the main test rig (MTR) experimentation were 8.8 for 
males and 8.7 for females. Particularly high ratings of 9.1 for males and 8.2 for females were again 
observed during the EOPD experimentation. No significant differences existed between repeat games 
or between males and females for either experimentation. Participants reported playing on the EOPD 
as being 'fim', 'active', 'interactive' whilst also being 'challenging'. 
• Playing on tbe EOPD results in sustained, load-bearing, vigorous, physical activity 
Games on the EOPD lasted for a mean duration of 3 minutes and 38 seconds during which 
participants' mean 'steady state' HR was 185.7 beats·min·1 whilst their mean relative oxygen 
consumption during this period was 37.4 mlO,·kg"l·min-1• Confirmation of the load-bearing nature of 
the physical activity was obtained from the mean counts per minute recordings of 3601.7 by the hip 
positioned accelerometer, thereby, classifying the physical activity as vigorous according to thresholds 
developed by Rowlands et al., (2004). Even though females' physical activity was classified as 
vigorous, males had a significantly higher intensity of accelerometer counts in all three axes. No other 
significant differences were observed between milles and females for any physiological parameters 
with the exception of minute ventilation. 
• Playing on the EOPD yields a high rating of perceived competence 
During the MTR experimentation male and female ratings of perceived competence were 7.8 and 7.1 
respectively and, similarly, a high rating was recorded during the EOPD experimentation for males 
(7.8) although females rated themselves significantly lower (5.7). This may be explained by an 
increase in game difficultly due to the inclusion of activity switches on the EOPD leading to a greater 
iIDpact on females' perception of their ability. The benefit of repeat play on perceived competence can 
be seen as significantly higher values were recorded for the whole group between the first game (6.3) 
and the second game (7.7). 
• Playing on the EOPD yields lower than predicted ratings of perceived exertion for the 
heart rate values attained 
Ratings of perceived exertion (RPE) recorded during the MTR experimentation were 4.9 for males and 
5.5 for females. These values were noticeably lower than predicted considering the high HR and \rO, 
values attained. Results from the EOPD experimentation again illustrated lower than predicted RPE 
values for females (5.2) although significantly higher values (i.e. more inline with the predicted values 
according to HR) were observed for males (7.3). RPE and HR values were shown to be significantly 
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higher for the whole group in game 3 compared to game I suggesting that participants correctly 
perceived an increase their intensity. 
• Software settings have a significant impact upon game performance. 
MTR experimentation showed that a significant difference existed for all game performance 
parameters (i.e. time at failure, reaction time, game score, number of hits and game duration) when 
software settings prolonged the duration of play. Game settings had no significant impact on any 
psychological or physiological parameters. Based on this knowledge, game settings implemented in the 
EOPD sustained the length of play and incorporated game features such as extra 'lives' in order to 
minimise the chances of premature failure. 
• Presence of the EOPD has the potential to encourage children to play at their local park 
more often 
Results from the MTR and EOPD product evaluation questionnaires confirmed that all participants 
believed the presence of the EOPD at their local park would encourage them to visit more regularly, in 
fact, a large majority, 72% of participants, responded to the question with 'definitely yes' whilst 28% 
replied 'probably yes'. 
Given the alarming increase in childhood obesity and continual decline in physical activity the 
importance of promoting health-enhancing physical activity by means of enjoyable play cannot be 
underestimated. Incorporating technology which some blame for the increase in sedentary pastimes, in 
an attempt to reverse the trend may actually enhance participation levels amongst the most at risk 
group. Development of the new device is an important step towards enhancing beneficial outdoor play 
options for children. 
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Appendix A 
List of terms 
The following definitions and explanations are extracted from Annstrong (2007), Biddle et al. (1998), Cale & Harris (200S) and 
Wilmore & CostiU (2004) research speeific terms are given by the .nthor. 
Accelerometen - a device that senses motion in one or more planes. It yields a count of movements in arbitrary units. 
Adherence - the continued participation to exercise or physical activity. 
Adolescence - refers to the psychological changes associated with puberty. The period during which a young person experiences 
the somatic, physical and psychological changes that occur as they develop into adults. 
Blood lactate -levels of lactate acid in the blood supply. 
Body rat - the proportion of a person's body mass that is not made up of either; bones, muscles, organs, or water, given as a 
percentage of the total body mass. 
Body mass index (BMI) - a measurement of body overweight or obesity determined by dividing weight (in kilograms) by 
height (in metres) squared. 
Childhood - the petiod from the fust birthday to the onset of puberty. 
Cholesterol- a steroid molecule necessary for the synthesis of steroid hormones and bile salts and an integral component of cell 
membranes. 
Electrocardiogram (ECG) -. recording of the heart', electrical aetivity. 
EOPD - Electronic Outdoor Play Device. 
Exercise - a subcomponent of physical activity which is volitional, planned, structured, repetitive and canied out to improve or 
maintain any aspect of fitness or health. 
Exergaruing - the use of electronic! video games that require some fonn of physical activity to play them. 
Fine motor task - the muscle control required to make small, precise movements, especially in eye-hand coordination tasks. 
Flexibility - the range of motion in a joint or group of joints, correlated with muscle length. A good range of motion will allow 
the body to assume more natural positions to help maintain good posture. 
Game duration - is the tota11ength of time (mm:ss) from commencing the game to when the game is failed. 
Gross motor task- the use of the large muscles of the body. 
Health - the World Heath Organization (WHO) has defined health as a state of complete physical, mental and social wellbeing 
and not merely the absence of disease or infirmity. 
Heart rate reserve (HRR) - resting heart rate is subtracted from maximal heart rate to obtain heart rate reserve. 
Infotainment - any entertainment that is employed with the sole purpose of distracting the user from the exertion levels require 
to complete an exercise. 
i.play - commercial name for the electronic outdoor play device. The 'i' prefix refers to the idea of intelligent play. 
Maximal intensity exercise - the performance of any type of exercise that requires an all-out effort and where the predominant, 
though not exclusive, energy supply for the accomplishment of the exercise is from anaerobic metabolism. 
Minute Ventllation eVE) - the volume of air taken in or breathed out in 1 minute usually expressed in L·min41. 
MTR - Main Test Rig. 
MVPA - Moderate-to-Vigorous Physical Activity, activity usually equivalent to brisk walking, which might be expected to 
leave the participant feeling warm and slightly out of breath. 
Number of hits - the total number of correct switches the participant activated during the game. 
Obesity - an excessive amount of body fat, for adults defined as more having a BM! more than 30. For children, the percentage 
above normative data for body mass, height, and age is used with 20% greater than predicted mass defined as obese. 
Overweight - body weight that exceeds the nonnal or standard weight for a particular individual based on sex, height, and 
frame size. 
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PAQ~A· Physical Activity Questionnaire for Adolescents, self-administered 7~y recall questionnaire developed by Kowalski 
et al., (1997a) to assess levels of moderate-to-vigorous (MVPA) physical activity in children and adolescences. 
PE - Physical Education is a learning process that uses physical activity as a means to help people acquire skiDs, fitness, 
knowledge and attitudes that contribute to their optimal development and well-being. 
Pedometers - measure vertical oscillations and log the total count of the movements. They may be worn on the ankle, wrist or 
belt as they are specifically designed for use during walking based activities. 
Physical activity - any bodily movement produced by skeletal muscles that results in energy expenditure. It has dimensions of 
volume (how much), duration (how long), frequency (how often), inteusity (how hard) and mode (what type). 
Physical fitness - A set of attributes that people have or achieve that relates to the ability to perform physical activity. The 
health·related components of physical fitness include cardiovascular fitness, muscular strength and endurance, flexibility and 
body composition The perfonnance-related aspects include agility, balance, co-ordination, power, reaction time and speed. 
Play - what individuals do when they follow their own ideas and interests, in their own way and for their own reasons. 
Playground - an outdoor area set aside for recreation and play, especially one containing equipment. 
PoP-Rig - Proof of Prototype Test Rig. 
Prepubescent - at the age immediately before puberty. 
Puberty - the point at which a person becomes physically capable of production. 
Reaction time - is the time period, in milliseconds, from when an audio command is initiated to when a correct switch activation 
is registered. 
RER· Respiratory Exchange Ratio, the ration of carbon dioxide expired to oxygen consumed at the level of the lungs. 
Resting hear rate - the heart rate in beat per minute at rest. 
RPC - Rating of Perceived Competence. 
RPE - Rating of Perceived Exertion, a person's subjective assessment of bow hard he or she is working. 
RPEn - Rating of Perceived Enjoyment. 
Sedentary - a habitual lack of physical activity. 
Sport - A subcomponent of exercise that is rule-governed, structured and competitive, and involves gross motor movement 
characterised by physical strategy, prowess and chance. 
Steady State - physiological function that remains at a relativety constant value i.e. heart rate and rate of oxygen consumption 
tend to remain constant when there is a constant load. 
Stealth fitness - where physical exertion takes place in parallel with an enjoyable activity/game distracting the user from the 
amount of energy input required. 
Submaximal - less than maximum. Submaximal exercise requires less than ones maximum oxygen uptake, heart rate or 
anaerobic power. 
Time at failure - the interval time, in milliseconds, at the particular point when the participant failed to 'hit' the correct switch. 
TOPE - Traditional Outdoor Play Equipment covers conventional play devices found in recreational areas such as swings, 
roundabouts, slides and climbing frames etc. 
Total energy expenditure (TEE) - The energy spent, on average, in a 24·hour period by an individual or a group of 
individuals. It reflects the average amount of energy spent in a typical day, but it is not the exact amount of energy spent each 
and everyday. 
TriglyceJides - the body's most concentrated energy source and the form in which most fats are stored in the body. 
VPA - Vigorous Physical Activity, activity usually equivalent to at least slow jogging, which might be expected to leave the 
participant feeling out of breath and sweaty. 
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Appendix B 
Proof of principle experimentation 
Participant I (24 years, male, height 1.80 m, weight 80 kg) had a total score of 207 in 18 games 
equated to a mean game score of 12. Their mean game period was 33 seconds with the longest game 
lasting 71 seconds. Average heart rate (HR) was 108 beats· min-] and at the end of his longest game 
scored 29 and HR"" was 128 beats·min-'. The highest score and peak HR coincided 360 seconds after 
the test started. Other high scoring games also coincided with a peak in heart rate e_g. after 210 and 
580 seconds. Participant I failed to actuate the push switch the most (8 times) which was the situated 
the lowest (0.45 m) off the ground however only one fail was recorded on the jump button placed 1.20 
m from ground. 
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Figure B.I Heart rate & game score plotted against time for participant 1 
Participant 2 (28 years, male, height 1.82 m, weight 84 kg) had a total score of239 over 14 games with 
the highest mean score of 17 per game and had a mean heart rate of I II beats·min-'. The score to HR 
correlation (R') was 0.68. The mean game period was therefore the longest at 43 seconds. A score of 
38 was the second highest in the tests and lasted 91 seconds. The highest heart rate was 133 beats·min-] 
which coincided with the highest score after 375 seconds of play. Similarly the second ltighest score of 
25 increased their heart rate to 120 beats·min-' after 155 seconds of play. Participant 2 also fail ed to 
actuate the push button the most with 6 failures and like participant I only failed once on jump. 
Participant 3 (25 years, male, height 1.78 m, weight 82 kg) scored a total of 194 over 15 games 
giving a mean game period of 40 seconds and a mean heart rate of 120 beats·min-' . The score to HR 
correlation (R') was 0.8 1. The higher scoring games coincided with peaks in heart rate i.e. after 47, 
11 0, 240, 360 and 570 seconds. A high score of 27 came after 240s and resul ted in reaching a heart 
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rate of 145 beats·min·!. The sound failed for a short period of time (400s - 440 seconds) during the test 
which resulting in a recovery period that can be seen by their heart rate falling to 90 beats·min·!. Once 
the game restarted a heart rate of 140 beats·mili! was reached in 100 seconds. In opposition to most 
participants in the test participant 3 failed most on the jump switch and recorded no failures on spin. 
Participant 4 (31 years, male, height 1.85 m, weight 95 kg) scored a total of 227 over IS games 
giving a mean game period of 40 seconds. A high score 47 was the highest out of the group, also 
lasting the longest at 110 seconds which came after 390 seconds of play. The score to HR correlation 
(R') was 0.34. This coincides with their highest heart rate of 131 beats·min·!, unlike everyone else their 
heart rate, did not vary greatly. Participant 4 failed to actuate the 'spin' and 'push' switches the most 
without any failures on 'bash'. 
Participant 5 (22 years, male, height 1.82 tu, weight 73 kg) scored a total of 196 over 17 games 
giving a mean score of 12 per game. Their highest score was 22 which achieved on two occasions; the 
games lasted between 55-58 seconds. A peak heart rate of around 160 beats·min·! coincided with the 
highest scores during the game. They had a mean heart rate of 144 beats·min·! which was the highest 
out of the group. The score to HR correlation (R') was 0.57 Participant 5 failed the most on the wobble 
switch which was located the highest off the ground (2.39 m). 
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Appendix C 
Anatomical figures 
Anatomical figures extracted from Totora & Grabowski (2000) showing the location of principle 
muscles. 
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Appendix D 
Investigation requirements 
For protection, it is required by law, that anyone working with children must have their criminal record 
checked by the Criminal Record Bureau for any previous convictions. Moreover, investigators 
involved in a high level contact with children require an 'Enhanced Disclosure' which details any 
additionally relevant and proponionate information held by the police. 
Informed consent 
Consent must be sought from parents or guardians, as well as participants, for all studies involving 
people under the age of 18. Guidelines state that parents or guardians should be given sufficient and 
appropriate written information, including details of investigators allowing them to provide informed 
consent. As elements of the study were conducted on school prentises it was recommended that the 
schools', and teachers consent was obtained. It was imponant to ensure that the children involved fully 
understand what is expected of them and that they indicate their willingness to participate. This should 
not be taken as evidence of legal consent but is regarded as good practice. Parents I guardians and 
participants will be made aware that they are not obliged to take pan in, or complete, the study against 
their will and that they are free to withdraw at any point without having to give a reason for doing so. 
Consent also needed to be sought for the subsequent release or use of recorded material. Chaperoning 
arrangements will ensure that an investigator of the same sex is always present and that. wherever 
possible, investigators wi ll avoid being alone with a child. The consent form used is presented later in 
this Appendix. 
Experiment information 
To fully inform parents and guardians about the experimentation an information sheet (see following 
section) is provided explaining; why the research is being conducted, what is involved and what is 
required of participants. Detail of the data being recorded along and a shon reminder as to any apparel 
needed is included. 
Health screening 
Only participants in good health will be suitable for the experimentation. Therefore, all 
parents/guardians are asked to complete a health screening questionnaire on behalf of the participant 
(presented in this Appendix). The questionnaire is based on a template provided by EAC and altered 
accordingly to ensure suitability for children and this experimentation. Any panicipants not meeting 
the criteria will be excluded. 
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Testing of novel electronic outdoor play equipment 
Loughborough University Sports Technology Research Group, Progressive Sports Technologies Ltd 
and Playdale Playgrounds Ltd are working together to produce a new type of outdoor playground for 
childten. It is important that we involve childten in the development of this product The feedback 
gained from childten can then be incorporated in the fina1 design. Your evaluation of the device will 
help us to make the final product better and more enjoyable to use. 
The aim of the game is to get the highest score you can. You get points every time you activate 
the correct activity switch which matches the command given by the device. However, you only have a 
certain amount of time to activate the switch. When you activate the correct switch another command 
is given and you need to activate that switch, this is repeated until you can not get to the switch in time. 
The game starts off quite slowly but with every correct switch activated the game speeds up. If you 
activate a different switch by ntistake or don't get there in time you will lose a 'life'. You only get a 
lintited number of 'lives' so you have to be quick. It is likely that you will be exercising for several 
minutes at a time and that you will get out of breath. You are likely to be aware of an increase in the 
rate and strength of your heart beat, you may start to sweat 
• Every time you score a certain amount in row you will get to the next level. 
• Your score will be given to you after each game. 
• The game requires quick reflexes and speed to score highly. 
• Don'! worry if you ntiss a switch you will get another go! 
If you feel dizzy or faint, stop the exercise and tell somebody straight away. 
A quick demonstration will be given at the start of the session so that you know how to play. When the 
game starts you will hear a sound telling you to get ready. After the session you will be asked to fill out 
a very short questionnaire on your likes and dislikes. how much you enjoyed the game, how good you 
thought you were at it and how hard it made you exercise. There are no right or wrong answers so just 
put down what you think best describes how you feel. If there is anything you like or are not keen on, 
remember it and write it down in the likes and dislike questionnaire page. 
Today's session may be video recorded and internally distributed at the discretion of Prof. Mike 
Caine it will not however be externally distributed without your specific consent. The measurements to 
be taken are height and weight which will be taken discretely to avoid any unease. You will be asked 
to wear a face mask and a small device around your chest. The device measures how hard you breathe 
and how much oxygen you consume which allows us to work out how much energy you have used. 
Also, heart rate will be measured during the session via a monitoring belt worn around the chest, 
undemeath clothing and in contact with the skin. Assistance with attaching the belt will be given by a 
same sex investigator. Please refrain from vigorous physical activity or food consumption 2 hour prior 
to attending the experimentation session. If there are any problems with the content described within 
this document please contact the investigators to clarify before signing the informed consent form. 
Remember you are free to withdtaw at any time without the need to give a reason and that all 
information obtained will be kept confidential. 
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INFORMED CONSENT FORM 
(to be completed after Participant Information Sheet has been read) 
The purpose and details of this study have. been explained to me. I understand that this study is 
designed to further scientific Imowledge and that all procedures have been approved by the 
Loughborough University Ethical Advisory Committee. 
• I have read and understood the information sheet and this consent form. 
• I have had an opportunity to ask questions about my participation. 
• I understand that I am under no obligation to take part in the study. 
• I agree to the use of video/audio recording which will be internally distributed at the 
discretion of Prof. Mike Caine and will not be externally distributed without your specific 
prior consent. 
• I understand that I have the right to withdraw from this study at any stage for any reason, and 
that I will not be required to explain my reasons for withdrawing. 
• I understand that all the information I provide will be treated in strict confidence. 
• I agree to participate in this study. 
Participant name 
Signature of Participant 
Signature of Parent / Guardian 
Signature of investigator 
Date 
If for any reason further information is required please contact the following investigators: 
Prof. Mike Caine (Senior Sports Technology Lecturer, Loughborough University) 
Tel: 01509564800 
m.p.caine@lboro.ac.uk 
Philip HOOgkins (ph.D. Sports Technology Student, Loughborough University) 
Tel: 01509 564806 
p.p.hodgkins@lboro.ac.uk 
Faculty Detail. 
The Wolf.on School of Mechanical and Manufacturing Engineering 
Loughborough University 
Loughborough 
Leicestershire 
LE1l3TU 
Tel: 01509227641 
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HEALTH SCREEN OUESTIONNAIRE FOR STUDY VOLUNTEERS 
NamelNumber ............................................................................................................................................... . 
As a volunteer participating in a research study, it is important that you are currently in good health 
and have had no significant medical problems in the past. This is (i) to ensure your own continuing 
well-being and (ii) to avoid the possibility of individual health issues to influence study outcomes. 
Please complete this brief questionnaire to confIrm your fitness to participate: 
1. At present, do you have any health problem for which you are: 
(a) on medication, prescribed or otherwise 
(h) attending your doctor 
Yes· 
Yes· B No No B 
rfyou answered 'Yes' to any of the above please give details, ________ _ 
2. Have you ever had any of the following: 
(a) Convulsions/epilepsy Yes· No 
(h) Asthma Yes· No 
(c) Diabetes Yes· No 
(d) A blood disorder Yes· No 
(e) Head injury Yes· No 
(f) Heart problems Yes· No 
(g) Problems with bones or joints Yes· No 
(h) Disturbance ofbalance/coordination Yes· No 
(i) Numbness in hands or feet Yes· No 
G) Disturbance of vision Yes· No 
(1<) Ear I hearing problems Yes· No 
(I) Thyroid problems Yes· No 
(m) Kidney or liver problems Yes· No 
rfyou answered 'Yes' to any of the above please give details 
3 Has your doctor ever asked you to refrain from exercise? 
Yes·D No D 
If you answered 'Yes' please give details including dates _________ _ 
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Physical activity questionnaire 
Nune: ____________________________________ _ 
Sex: M _____ _ F ___ _ 
Age: 
Teacher: __________________________________ _ 
We are ttying to find out ahout your level of physical activity from the least 7 days (in the last week). 
This includes sports or dance that make you sweat or make your legs fell tired, or gunes that make you 
breathe hard, like tag, skipping, running, climbing and others. 
Remember: 
A) There are no right and wrong answers - this is not a test. 
B) Please answer all the questions as honestly and accurately as you can - this is very important. 
1. PHYSICAL ACTIVITY IN YOUR SPARE TIME: Have you done any of the following 
activities in the past 7 days (last week)? If yes, how many times? (Mark only one circle per row). 
No 1-2 3-4 5-6 7 times or more 
Skipping 0 0 0 0 0 
Rowing 0 0 0 0 0 
In-line skatiug 0 0 0 0 0 
Tag 0 0 0 0 0 
Wa1king for exercise 0 0 0 0 0 
Bicycling 0 0 0 0 0 
Jogging or running 0 0 0 0 0 
Aerobics 0 0 0 0 0 
Swimming 0 0 0 0 0 
Baseball, rounders 0 0 0 0 0 
Dance 0 0 0 0 0 
Football 0 0 0 0 0 
Badminton 0 0 0 0 0 
Skateboarding 0 0 0 0 0 
Rugby 0 0 0 0 0 
Hockey 0 0 0 0 0 
Volleyball 0 0 0 0 0 
Basketball 0 0 0 0 0 
Tennis 0 0 0 0 0 
Ice skatiug 0 0 0 0 0 
Skiing I Snowboarding 0 0 0 0 0 
lee hockey 0 0 0 0 0 
Other 0 0 0 0 0 
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2. In the last 7 days, during your physical education (PE) classes, how often were you very active 
. 
(playing hard, running, jumping, throwing)? (Check one only) 
I don't do PE 
Hardly ever 
Sometimes" 
Quite often 
Always 
o 
o 
o 
o 
o 
3. In the last 7 days, what did you normally do at lunch (besides eating lunch)? (Check one only). 
Sat down (talking, reading, doing school work) 0 
Stood around or walked around 0 
Ran or played a little bit 0 
Ran around or played quite a bit 0 
Ran and played hard most of the time 0 
4. In the last 7 days, on how many days right after school, did you do sports, dance, or play games 
in which you were very active? (Check one only). 
None 
I time last week 
2 or 3 times last week 
4 times last week 
5 times last week 
o 
o 
o 
o 
o 
5. In the last 7 days, on how many evenings, did you do sports, dance, or play games in which you 
were very active? (Check one only). 
None 
I time last week 
2 or 3 times last week 
4 times last week 
5 times last week 
o 
o 
o 
o 
o 
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6. On the last weekend, on how many times did you do sports, dance, or play games in which you 
were very active? (Check one only). 
None 
1 time 
2 - 3 times 
4 - 5 times 
6 or more times 
o 
o 
o 
o 
o 
7. Which one of the following describes you best for the last 7 days? Read ALL FIVE statements 
before deciding on the one answer that describes you. 
A) All or most of my free time was spent doing things involving little physical effort 
B) I sometimes (1- 2 times last week) did physical things in my free time 
C) I quite often (3 - 4 times last week) did physical things in my free time 
D) I often (5 - 6 times last week) did physical things in my free time 
E) I very often (7 or more times last week) did physical things in my free time 
8. Mark how often you did physical activity (like playing sports, games, doing dance, or any 
other physical activity) for each day last week. 
None Little bit Medium Often Very often 
Monday 0 0 0 0 0 
Tnesday 0 0 0 0 0 
Wednesday 0 0 0 0 0 
Thursday 0 0 0 0 0 
Friday 0 0 0 0 0 
Saturday 0 0 0 0 0 
Sunday 0 0 0 0 0 
9. Were you sick last week, or did anything prevent you from doing your normal physical 
activities? (Check one). 
Ves 
No 
If yes, what prevented you? 
o 
o 
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RPE, RPC and RPEn instructions 
We would like you to play on the device by pressing the correct switch when you hear the 
corresponding voice command. The lights around the correct switch will also light up to let you know 
which the correct one is. It will start off slowly and progressively speed up so you will have to run to 
press it in time. 
Once the game is over please use the numbers on this picture to tell us how your body feels 
during the game. Please look at the person at the bottom of the hill who is just starting to walk (point to 
the left pictorial). If you feel like this person during the game you will "not be tired at all." You should 
point to a 0 (zero). Now look at the person who is barely able to run at the top of the hill (point to the 
right pictorial). If you feel like this person when you are running you will be "very, very tired." You 
should point to a number 10. If you are somewhere in between "not tired at all" (0) and ''very, very 
tired" (10), then point to a number between 0 and 10. We will ask you to point to a number that tells 
how your whole body feels including your legs and breathing. 
Once you have given a score for how tired you feel, you will be asked how good at the game do 
you think you were. As with the previous scale please use the number on this picture to help you. The 
thumb pointing downwards (point to the left picture) above the 0 means that you thought "I wasn't 
very good at all" and so you should point to the number 0 whereas the thumb pointing upwards (point 
to the right pictorial) above the number 10 means that you thought "I was really, really good" and so 
you should point to the number 10. If you felt you were somewhere in between "I wasn't very good at 
all" and "I was really, really good", then point to a number between 0 and 10. 
Finally when you have given a score for these, you will be asked whether you enjoyed the 
game. As with the previous scales please use the number on this picture to help you. The sad face 
(point to the left picture) above the 0 means that you "didn't enjoy it at all" and so you should point to 
the number 0 whereas the smiling face (point to the right pictorial) above the number 10 means that 
you "really, really enjoyed it" and so you should point to the number 10. If you felt you were 
somewhere in between "didn't enjoy it at all" and "really, really enjoyed if', then point to a number 
between 0 and 10. 
Remember, there are no right or wrong answers. Use both the pictures and words to help select 
the numbers. Use any of the numbers to tell how you feel when on the device. 
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Appendix G 
Product evaluation questionnaire 
Nrune. __________________________________________ _ 
Date of Birth __ '__ ,__ 
Q1.vnmtIlikedaboutiliede~cewas. ________________________________________ __ 
Q2. vnmt I disliked about ilie de~ce was'-____________________________________ __ 
Q3. Which session did you prefer? (please fill out ilie boxes below) 
(I = favourite, 2 = second favourite, 3 = least favourite) 
Session one D 
Session two D 
Session three D 
Q4. During ilie summer holiday how often do you play on traditional playground equipment such as 
swings, slides and roundabouts ele? (please tick) 
More ilian once a week D OnceaweekD Once a monili D Never D 
Q5. If ilie new de~ce was available at your local park would it encourage you to play iliere more 
often? (please tick) 
Definitely Yes D ProbablyYesD SruneO Probably Not 0 DefinitelyNot 0 
Q6. Is ilie new de~ce better or worse ilian existing playground equipment? (please tick) 
Definitely BetterO SlightlyBetterD SruneO Slightly worseD Definitely Wors.o 
Q7. How could ilie new de~ce be improved? ____________________________________ _ 
Many ilianks for your help during ilie testing sessions 
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AppendixH 
British Standards 
The following terms are used throughout this appendix, their meanings, according to BS ENI176-1, 
are as follows: 
• Crushing point - the place where parts of the equipment. can move against each other, or 
against a fixed area so that persons, or parts of their body, can be crushed. 
• Shearing point - the place where part of the equipment can move past a fixed or other moving 
part, or past a fixed area so that persons, or parts of their body, can be cut. 
• Grip - holding of the hand round the entire circumference of a support. 
• Grasp - holding of the hand round part of the circumference of a support. 
Requirement guidelines 
The following section provides relevant extracts from BS EN 1176-1 that outline the requirements 
needed to ensure the EOPD meets with current safety guidelines. 
Finishing considerations 
Metal parts should be weatherproofed against atmospheric conditions and any metals that produce 
toxic oxides that scale or flake are to be protected by a non-toxic coating. Rough surfaces should not 
present any risk of injury and protruding bolt threads within any accessible part of the equipment shall 
be permanently covered, e.g. with dome-headed nuts. Nuts and bolt heads that project less than 8 mm 
shall be free from burrs and all welds shall be ground smooth. Corners, edges and projecting parts 
within any accessible part of the equipment that project more than 8 mm, and which are not shielded 
by adjacent areas that are not more than 25 mm from the end of the projecting part, shall be rounded 
off. The minimum radius of the curve shall be 3 mm. 
Moving parts 
There shall be no crushing points or shearing points between moving and/or stationary parts of the 
equipment. Impact forces shall be damped. There shall be a ground clearance of at least 400 mm below 
moving equipment suspended above the user by rigid supports. 
Protection against entrapment 
When choosing materials, entrapment hazards that can occur through distortion of materials during use 
should be taken into account. Equipment should be constructed so that any openings do not create head 
and neck entrapment hazards by either head first or feet first passage. Spindles and rotating parts shall 
have means of preventing entanglement of clothing or hair. 
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Finger entrapment 
Equipment should be constructed so that hazardous entrapment situations similar to the list 
encountered below are not created: 
• Gaps in which fingers can be trapped whilst the remainder of the body is moving or continues 
in motion involuntarily. 
• Open-ended tubes or pipes. 
• Variable gaps (excluding chains). 
Openings within the free space, where the user is subjected to forced movement, and holes which have 
a lower edge more than 1200 mm above the potential impact area, when tested in accordance with the 
standards, shall conform to one of the following requirements: 
• The 8 mm finger rod shall not pass through the minimum cross section of the opening and the 
profile of the opening shall be such that the rod cannot be locked in any position when set in 
motion as given in the standards. 
• If the 8 mm finger rod passes through the opening, the 25 mm finger rod shall also pass 
through the opening, provided that the opening does not permit access to another fmger 
entrapment site. 
The ends of tubes and pipes shall be closed off to prevent the risk of fmger entrapment. The closures 
shall not be removable without using tools. Gaps whose dimensions change during use of the 
equipment shall have a minimum dimension in any position of 12 mm. 
Markings & Inspection 
Equipment should be permanently marked and include: 
• Manufacturer or authorised agent 
• Year of manufacture 
• Equipment reference 
• Basic level mark 
• Number and date of EN 117 
Manufacturers recommend the inspection frequency although high-vandalism or high-use sites may 
need a daily a check 
• Routine visual inspections: identification of hazards from vandalism, use or weather 
conditions 
• Operational inspection: every 1-3 months or as recommended. Checks operation, stability, 
wear etc. 
• Annual main inspection: checks long-term levels of safety and systems. 
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Structural calculations 
Number of users 
The number of users for each structural element likely to be loaded by users shall be calculated. The 
number shall be rounded up to the next whole number (e.g. 3.\3 becomes 4.00). Line type elements are 
rungs in ladders and in climbing frames, poles and ropes. The number of users, n, on a line are 
calculated in the following manner: 
a) line elements with an inclination up to and including 60°: , 
n=Lp.!0.6 
b) line elements with an inclination greater than 60°: 
n=U1.20 
where 
L is the length of the element in metres; 
L", is the length of the elenient projected down to a horizontal plane, in metres. 
The approximate line length per leg with an inclination up to and including 60° in plan view for the 
EOPD is 3.501. Therefore, the number of users per leg is: 
3.5/0.6 = 5.833 = rounded up is 6 
The EOPD has 3 legs meaning a total of 18 users on the frame while the sworst case scenario for 
number of users on central unit is 2. Therefore, the total number of users is 20. 
Loads calculations 
'Permanent loads' consist of the self weight of the structure and of the associated assemblies. The 
variable loads consist of user loads. The user loads are based on the following load system: 
a) total mass 
Gn = n· m + 1.64· u.J20 
Gn =20.53.80+1.64·9.6../20 
Gn =1146 kg 
where 
G
n 
is the total mass of n children, in kilograms; 
n is the number of children on the equipment or part; 20 
m is the mean mass ofa child in a specified age group; 53.80 kg 
u is the standard deviation of the age group concerned; 9.6 kg 
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Equation 1.1 
For public and private playgrounds or any other playground open to children of all ages, the following 
values can be used: age up to 14 years: m = 53.8 kg u = 9.6 kg. The mass of children up to 14 years is 
based on the anthropometric data of age group 13.5 to 14.5 years, including 2 kg for clothing. 
b) dynamic factor: 
Cdyn =1+lIn 
Cdyn =1+1120 
Cdyn =1.05 
where 
Equation 1.2 
Cdyn is a factor representing the load caused by movement (running, playing, etc) of the 
users, including material behaviour under impact loading: 
n is as given in a). 
c) total vertical user load: 
Fro," =10·1146·1.05 
Fnn, =12033N 
where 
Equation 1.3 
Fro," is the total vertical user load on the equipment caused by n children, in Newtons; 
gis the acceleration due to gravity (10 mls2); 
G
n 
is as given in a); 
Cdyn is as given in b). 
d) total horizontal user load: 
The total horizontal user load is 10% of the total vertical user load and acts on the same level, 
together with the vertical load. This load allows for movement of children playing and 
inaccuracies in the structure. 
Fro,;' = 0.\·12033 
F,";h = 1203 N 
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Equation lA 
Physical testing of structural integrity 
The equipment must be able to cony the total test load for 5 minutes. After the test the equipment must 
not show any Cljlck, damage or excessive permanent deformation and no connections shall be loosened 
Load combinations for testing: 
where 
Equation 1.5 
rG .• is a partial safety factor for permanent loads (with a value of 1.0 in all cases) 
G is the permanent load (i.e. self weight, prestressing load and mass of water) 
r Q;' is a partial safety factor for variable loads (1.35) 
Q, is the combined user load 
therefore 
rG;.· G+ rQ;' .Q, = rG;t· G+ rQ; •. (Frot;. +F",.;,) 
= G+ 1.35·(12033+ 1203) 
=1787kg 
The following safety factor used where every specimen, including unique products is tested: 
r Q;. = 0 for favourable effects; 
r Q;. = 1.35 for unfavourable effects. 
It is not necessary to combine independent variable loads such as wind and user loads. Related loads 
acting in different directions, such as vertical and horizontal user loads, are combined. Compared with 
the variable loads on playground equipment, the permanent loads are small in most cases, and 
therefore no additional safety factor for permanent loads is required in the tests. 
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Load lesling on Ihe EOPD 
The final phase in the structural integrity validation process is physical testing. Figure 1.1 shows 
location of the applied loading forces. 
Figure 1.1: Load diagram for physical testing 
Loadin{!: repeated 
for each leg 
The physical testing process consisted of fixing steel tubing, at nine possible activity switch locations 
(Figure 1.2 (al), and attaching straps to the centre j oint (Figure 1.2 (b)) so that sand bags could be 
positioned to provide the total load force required. 
Figure 1.2: Photographs of the load testing conducted on the EOPD 
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Power supply calculations 
Prior to completing any size selection calculations it is important to consider the factors that can reduce 
the performance of a solar module (extracted from RS Components, 1998): 
• Temperature - operating temperatures that are O°C to 25°C higher than ambient. 
• Cleanliness - should be cleaned periodically to maintain performance. 
• Production tolerances - catered for with an appropriate safety factor in the sizing calculation. 
• Reflection/refraction - mounted behind polycarbonate then reflection and refraction will 
typically account for losses of 25%. 
• Shadowing - during sunny conditions the possibility of shadows falling across the module 
should be reduced as the performance of all cells will be reduced to that with the lowest 
output. 
. 
• Azimuth and tilt angle - can be seen from the UK insolation table that horizontal mounting 
gives excellent summer performance but minimal in winter. For best all. year round 
performance the module should be fixed at an angle oflatitude + 15, facing true south. 
• Spectral distribution of light - the performance of solar modules is optimised for daylight. 
Performance under artificial light sources must be found by measurement. 
To ensure reliable system operation, all year round, it is important to account for the worst case daily 
load occurring during winter time. Energy from the module is stored in the battery, enabling the system 
load to operate day or night. The battery size is calculated to allow for a certain number of days 
without energy input. In the UK this should, ideally, be in excess of 20 days and consideration of the 
following factors is vital: 
• Batteries should not be allowed to fully discharge. 
• Capacity reduces with temperature. 
• Effects of self discharge and charging efficiency may be significant. 
• Battery capacity is a function of discharge rate. 
Typically, the battery should not be discharged below its 30% charge state and an allowance made for 
a 10% capacity reduction in winter. Thus, a system supplying a load consuming 0.5Ah/day would 
require a battery capacity of: 
Equation ].1 
0.5 x 20 x 1.3 x 1.1 = 14.3 Ah 
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Sealed, lead acid batteries having high charge efficiency, low self-discharge and good recovery from 
high discharge are ideal for solar systems. A VRLA Gel-Type 'light traction' battery GF12 025 Y G, 
(Exide Technologies) has been identified for the system due to a capacity of 25Ah. 
Size of module 
Power consumption for a EOPD with six activity switches, LED display, main speakers, along with the 
LEDs and speakers located at each activity switch is approximated to be 7 Watts. The current required 
to power the LED display is, however, dependant on the amount of te«!. 
Details surrounding the selection of the photovoltaic module BP 365 (BP Solar) responsible for 
running the EOPD are as follows: 
• Module efficiency = 11.1 % 
• Nominal voltage = 12 Volts 
• Dimensions = 1.1 m x 0.5 m 
• Power = 65 Watts 
• Current at maximum power = 3.69 Amps 
A clock, based on a period of 52 weeks, is incorporated into the EOPD allowing operating hours to be· 
defined by the owners. This provides a means of reducing power consumption, as it can be set to sleep 
mode for different times of the day. 
The system current is calculated in the following manner: 
where 
SA = (L x SF)IESH 
SA is the system current (Amps); 3.69A 
L is the load (Ah/day) 
ESH is equivalent sunshine hours UK (kWh/m2/day); winter I, summer 5 
Equation J.2 
SF is the safety factor due to losses from cabling, diodes, battery charge efficiency, 
module tolerances and aging; 1.2 
With regards solar power generation in the UK mainland, best and worst case scenarios calculations 
are detailed below. 
a) worst case scenario: 
3.69 = L x 1.211 
L = 3.69 11.2 = 3.075Ah/day 
therefore, 6 hours continuous operation: 
C=LlHours 
C = 3.07516 = 0.513A 
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Equation J.3 
reduction in efficiency due to the 6mm polycarbonate cover: 
C = 0.513 x 0.75 = 0.384A 
equates to 0.384A continuous operation for 6 hours (winter conditions) 
b) best case scenario: 
3.69 = L x 1.2/5 
L =18.45/1.2 = 15.375Ah1day 
therefore, 12 hours continuous operation: 
C=L/Hours 
C = 15.375/12 = 1.281A 
reduction in efficiency due to the 6rnrn polycarbonate cover: 
C = 1.281 x 0.75 = 0.961A 
equates to 0.961A continuous operation for 12 hours (summer conditions). 
Controller 
Equation J.4 
In the UK, with its high ratio of summer to winter insolation, it is essential for a solar system to be 
fitted with a voltage regulator in order to protect the battery against the effects of overcharge during 
the long summer days. Regulators incorporate blocking diodes that prevent night battery discharge. 
The C12 Controller (Xantrex Technology Inc.) has been chosen for the EOPD as it offers the follOwing 
benefits: small solar system charging, DC load controller, automatic day and night detection circnitry, 
adjustable run duration of 2 to 8 hours or from "dusk to dawn" and 12 Volts Direct Current (DC) array. 
The solar module is encased in '304' stainless steel plates and a 6 mm thick polycarbonate shield 
protects against vandalism. To reduce the likelihood of vandalism, the module is the mounted on top of 
a 4 metre, galvanised, steel pole coated in anti-vandalism paint. For any maintenance reqnirements, the 
pole pivots at its base. 
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AppendixK 
Comparison with other physical activities 
a ~ STPS, b ~ ActiGrnph, c ~ girls 8-11 yrs, boys 8-12 yrs, d~too high 3.S usedinstcad, e ~ not given used S.92, f~ not given used 3.5, g ~ not giveo used 4 from Hatrell et al" 2OOS, h ~ RTI, k~ scale I-
S, m = Borg scale 6-20, n = OMNI scale 0-10 
Table K.I: ComEarison of Eh~siolollica1 & Es~cholollical data for different Eh~ical activities 
Condition N Age MeanVO: Mean Mean EE kcal-min-· Mean HR AC Time (male) (y=) (m1o,'kg"'min") RER VE (L'min"l (kg") (beats'min") (counts-min'l) (min) RPE RPED MET. 
: EOPD:-:--:--
- T ___ •• _,~."_ 
-- -'-.~-.- .... ' .-•.. _--" .. - n. ,," __ ._,'~ .~,- ,-... -_.---_._,' .. -- .. -~.--- "".---"'-,--....,---,---.---~ ... '. . .. -~.--. 
Rest (seated) 18(11) 11.0±0.8 7.3±I.S 84±12 I 1.2 
Play (single game) 18(11) 11.0±0.8 34.8±S.I 0.94±O.08 37.3±7.2' O.l7S±O.027 174±9 3602±602h 3:38 6.4D 8.6 S.9 
Play (steady) 18(11) 1l.0±0.8 37.4±6.4 0.99±O.1O 41.l±8.7' O.l9O±O.03S 186±9 I 6.3 
Play (peak values) 18(11) 11.0±0.8 4S.8±6.3 1.09±O.10 SO.I±8.S· 0.23I±O.032 191±8 Ss 7.7 
Interactive gaming 
~ Maddison et al., (2007)- - 0 -- ----_.- ~-.. -. .. '~~.-,--.". • o-,--~",,·_--:- _" _ .. ,-'-----. 
Rest (seated) 21(11) 12.4±1.l 4.9±0.9 1.3±O.2 78±13 O±I' S 1.0 
Inactive video game 21(11) 12.4±1.1 6.6±1.6 1.6±0.2 82±14 23±29' S 1.3 
Knockout (boxing) 21(11) 12.4±1.l 24.5±4.9 6.5±1.7 142±16 1218±640' S S.O 
Homerun (baseball) 21(11) 12.4±1.1 23.0±4.0 S.9±1.8 138±18 2132±1447h S 4.8 
Dancepad (lower) 21(11) 12.4±1.1 18.9±3.6 4.9±1.3 127±13 1288±619' S 3.9 
Groove (upper daoce) 21(11) 12.4±1.l 11.2±2.2 2.9±0.3 I 11±12 123±\I0' S 2.3 
AntiGrav hoverboard 21(11) 0 12.4±1.l 14.0±3.8 3.6±1.l \IO±13 IOS9±S07' S 2.9 
- Unnithari etal" (2006)'--' 00 -~.----"-. -•. , . 
OW rest 10 (8) 13.5±3.3 S.I±I.5 1.0 
NOW rest 12 (8) 12.3±I.S 4.3±1.3 1.0 
OW Max treadmill 10 (8) 1l.5±3.3 36.9±8.0 1.l0±0.09 98.4±28.3 194±9 6-9 7.2 
NOW Max treadmill 12 (8) 12.3±I.S 43.0±9.9 1.l0±0.06 7I.S±20.S 197±8 6-9 10.0 
OWDDR 10 (8) 13.S±3.3 12.3±3.0 0.83±O.08 27.8±8.6 4.6±1.3 126±12 12 2.4 
NOWDDR )2(8) . 12.3±I.S 13.8±3.4 0.84±O.06 19.6±3.9 2.9±0.7 127±16 12 3.2 
Tan et al" (2002) .... _<_ ........... "., . 
Rest (seated) 40(21) 17.5±O.7 7.1±1.4 91±14 S 2.0d 
MaleDDR 21(21) 17.7±O.8 2S.3±4.3 0.9±O.l 39.S±S.5 8±1 139±19 11 1l±2" 7.2' 
FemaleDDR 19(0) 17.3±O.5 23.8±S.1 0.9±O.l 3L6±7.4 6±2 136±2S 10 l1±lm 6.8' 
Male max treadmill 21(21) 17.7±O.8 SS.I±S.5 97.9±14.S 196±8 IS.l" 
Female max treadmill 19(0) 17.3±O.5 47.1±S.0 69.8±12.5 197±8 \3.S' 
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Condition N (male) 
Age 
(years) 
MeanV~ 
(mIo,·kg·l·min·l) 
Interactive gaming r Strnker& Abbott (2007)~ -~- - -~~--.--,,~- '-''''-''-' 
DVD 
Handheld 
Gamepad 
Keyboard 
Wheel 
Eyetoy 
.. Wang 8< peiiy(20ii6)"'~­
Rest (seated) 
Video game sit 
:-Segal &Dietz (1991) 
Rest (stand) 
Video game stand 
Video game stand 
rGmves e/ al., (2007>' -.-. 
Rest (supine) 
Xbox 360 
Wii bowling 
Wii tennis 
Wii boxing 
,- Sen e/ al" (2005)' '-"' .. 
Walking 
Eyetoy 
.' Luke e/ al., (2005) 
DDR 
: Lannirigruu;,:Poster </,,(2006) 
Rest (semirecumbent) 
Watching TV (sit) 
Video game (sit) 
Eyetoy 
Walking (2.4 km·h·l ) 
DDR 
• Ridley& Old, (2001) 
Rest 
Daytona 
MiniDunxx 
Air Hockey 
Final Furlong 
20(12) 
20(12) 
20(12) 
20(12) 
20(12) 
20(12) 
21(21) 
21(21) 
32(20) 
20(20) 
12(0) 
11(6) 
11(6) 
11(6) 
11(6) 
11(6) 
27(13) 
27(13) 
30(20) 
25(12) 
25(12) 
25(12) 
25(12) 
25(12) 
25(12) 
10(5) 
10(5) 
10(5) 
10(5) 
10(5) 
-
.. 
9-12 8.1±1.6 
9-12 7.7±1.S 
9-12 8.4±1.7 
9-12 8.8±1.7 
9-12 9.8±I.S 
9-12 26.5±8.2 
~~~,~ 
7-10 4.90±I.3 
7-10 8.600.0 
- - --"~'-'--.-~'-
16-25 
16-25 
16-25 
14.6±O.S 
14.6±O.5 
14.6±O.S 
14.6±O.S 
14.6±O.5 
23.3±2.7 
23.3±2.7 
24±6 
9.7±1.6 
9.7±1.6 
9.7±1.6 
9.7±1.6 
9.7±1.6 
9.7±1.6 
12.5±0.5 
12.S±O.5 
12.5±O.5 
12.S±O.5 
12.5±0.5 
4.34±O.09 
7.76±0.36 
7.93±O.48 
16.4±2.8 
13.2±3.1 
18.4±4.1 
4.3±0.8 
7.6±I.S 
13.1±1.6 
14.9±3.6 
26.5±1.S 
Mean 
RER 
0.8S±O.04 
0.84±O.04 
0.87±O.04 
0.91±O.04 
Mean 
VE (L'min·l ) 
8.6±1.2 
8.S±O.S 
9.S±1.I 
9.4±1.3 
1O.3±1.3 
26.2±9.9 
EE kcal-m1o" 
(kg·l ) 
0.039±O.008 
0.037±O.OO7 
0.04 1±O.OO8 
0.042±O.OO9 
0.046±O.OO8 
O.l27±O.04 I 
.. 
-","'-." 
S.2±1.6 
7.9±2.1 
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0.023±O.007 
0.03S±O.OO8 
l.5±O.1 
2.7±O.I 
2.3±O2 
0.019±O.004 
0.030±0.OO3 
0.046±O.OO5 
0.048±O.OO8 
0.047±O.OO8 
0.026±O.OO5 
0.031±O.OO6 
0.031±O.OO6 
0.054±O.017 
0.06O±O.OO8 
0.069±O.017 
0.022±O.OOS 
0.038±O.OO7 
0.065±O.OO7 
0.064±O.074 
0.136±O.136 
Mean HR 
(beats·min·l) 
82±1O 
83±1O 
87±9 
86±8 
89±9 
BOO1 
Time 
(min) 
5 
5 
5 
5 
5 
, 5 
87±11 5 
116±12 Active 3 
75±2 
99±2 
109±3 
113±12 
121±18 
I 53±20 
103±13 
112±13 
139±16 
131±13 
169±15 
0.0 
0.5 
0.0 
0.5 
6.5 
3xSmin 
3x5min 
3x5min 
6 
15 
15 
15 
15 
20 
IS 
15 
15 
IS 
IS 
5 
5 
5 
5 
5 
RPE RPEn 
11.2±O.Sm 3.1±i2C-
11.4±1.2m 4.4±O.6' 
. 4.4±o.6' . 
MET. 
1.0 
1.8 
1.0 
1.8 
1.8 
- -"---c;l 
1.0 
1.6 
2.4 
2.5 
2.5 
6.7' 
3.S' 
5.3' 
1.0 
1.2 
12 
2.1 
2.3 
2.7 
1.0 
1.8 
3.0 
3.5 
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Condition N (male) 
Age 
(years) 
MeanVo, 
(mlo,·kg·'·min·') 
Mean 
RER 
Mean 
VE(L·min·') 
., Interactl~~1 gaming ~.,!\f!se,,_._.,.".", __ .".~ . __ ",. '--C' _._.~"" __ ~._._~, " '_~",r,_ ,~_ ._._ "" -, _ .• -,,.. '~'~ .. ~,"'.',"'_ • 
,Harrell et a .• (200S!. .... :. :..... ... ......... . 
c S:9 Rest 129(7S) 
Video game sit 126 
Video game stand 126 
VVaUdng(4) liS 
VValking (S.6km·h·') 12S 
Rope skipping IOS 
Running (S km'h"') IOS 
• Treuth et aI., (2004) 
Rest 
VVatch TV (sit) 
Play video game (sit) 
Slow walk 
Brisk walk 
Step aerobics 
Bicycling 
Shoot baskets 
Stair walk 
Run 
Play and PE 
:. Vihiteh""i elal.;(1996) . 
Indoor play centre 
: Macfarlline lit. Kwong(2003) . 
Boys PE lessons 
Girls PE lessons 
Intermittent exercise 
: Kings1cy et al .. (2006)" . 
Multistage squash peak 
Squash game 
Squash simulation , 
: Gimrd et al., (2006)' 
Max treadmill test 
Max tennis sim. test 
64(0) 
67(0) 
71(0) 
72(0) 
73(0) 
71(0) 
66(0) 
69(0) 
72(0) 
6S(0) 
14(6) 
34(34) 
39(0) 
S(S) 
S(S) 
S(S) 
9(9) 
9(9) 
c 7.1 
c S,3 
c IS.3 
c 24.6 
c 3S.3 
c 3S.5 
-r> ,--'_" ..... ,_.,.'. ",-- ' '"-~. ~?--~~~-c,' .--,-, .• ~'---+ 
14.I±O.3 3,S±O.9 
14.l±O.3 3.9±0.9 
14.1±O.3 4.2±2.0 
14.1±O,3 II.S±2.5 
14.l±0.3 IS.6±2.3 
14.l±0.3 21.2±3,S 
14.l±0.3 21.3±7.6 
14.1±O.3 24.3±4,S 
14.1±O.3 24.6±3.7 
14.l±O.3 29.5±S.0 
_. ,.. .-._.---.,- ' . .-,'--~'-" 
7,S±I.S 
10.l±1.4 
9.9±1.5 
16.2±O.S 
16.2±O,S 
16.2±O.S 
16.0±1.6 SS,9±5.3 1.03±O.04 llS.l±14.5 
16,0±1.6 63.8±5,7 I.lS±O.07 117.l±17.4 
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EE kcal'mln" 
(kg") 
0.029±O,007 
Mean HR 
(beats·min·') 
15S±39 
129±17 
132±IS 
19S±9 
179±13 
ISO±S 
194±S 
19O±S 
AC 
(counts·min·') 
'o±ob 
2±S' 
2±6' 
23S6±S37, 
416O±74S' 
2750±916' 
741±594' 
400S±211' 
4271±7SS' 
7S67±37S' 
Time 
(min) 
10 
10 
5 
5 
10 
S·IO 
IS 
7 
7 
7 
7 
7 
7 
7 
7 
7 
20 
21.4±5.0 
22.S±4.4 
IS(7s) 
IO(Ss) 
. 12(7s). 
27.S(ISs) 
24,9(15s) 
RPE 
17·20m 
14±2m 
17±2m 
RPEn 
3,9±1.0'" 
3.6±1.0' 
MET. 
1.0 
1.2 
1.5 
3.2 
4.3 
6.2 
6,7 
1.0 
1.0 
1.1 
3.2 
4.3 
S.7 
S.9 
6.5 
6,6 
7,S 
14.7' 
16.0' 
Condition 
Various 
N 
(male) 
Age 
(years) 
MeanVa: 
(m1o,·kg·'·min·') 
['ArVidsson'ei aC (2007)···· ''''''=-~-.'--=:':: ... _ .... '~~,,'-~ : .. -.. 
Rest (lying) 20(11) 12.1.0.9 
Mobile phone (sit) 19(11) 12.1.0.9 
Stepping up and down 19(11) 12.1.0.9 
Statioruuy bike 19(11) 12.1.0.9 
Trampolinejumping 19(11) 12.1.0.9 
Basketball 19(11) 12.1.0.9 
Walking (2 km'h") 20(11) 12.1.0.9 
Walking(3km'h") 20(11) 12.1.0.9 
Walking (4 km'h") 20(11) 12.1.0.9 
Walking (5 km'h") 20(11) 12.1.0.9 
Walking (6 km'h") 20(11) 12.1.0.9 
Walking. run (7 km'h") 20(11) 12.1.0.9 
Running (S km'h") 20(11) 12.1.0.9 
Running (10 km'h") . 17(11) 12.1.0.9 ......... .. 
, Chu et al., (2007) ~ - '-':'.~~ .. ...-:--' ." ... ~''''-' 
Sittinlifstaoding 35(1S) 1l.l±1.0 7.SU.2 
Walking (2 km'h") 35(IS) 1l.l±1.0 15.0±4.3 
Walking(4km'h") 35(1S) 11.1±1.0 20.8±5.9 
Walking (6 km'h") 35(1S) 11.1±1.0 30.2±9.1 
Running(S km'h") 35(IS) II.l±1.0 41.4±12.l 
Mean 
RER 
Mean 
VE (L-min") 
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EE ktal-min"l 
(kg") 
1.03.0.12 
1.34.0.14 
5. 11±0.43 
5.62±O.91 
7.96±1.29 
9.20±1.S2 
2.51.0.31 
2.94.0.33 
3.35.0.29 
3.94.0.36 
4.90±0.53 
6.43.0.67 
7.58±0.76 
Mean HR 
(beats'min") 
S.91±1.03_ .... _. __ ••. 
103±19 
122±17 
129±17 
14S±15 
175±14 
AC 
(counts'min'l) 
TIme 
(min) 
30 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
49±29" I 
1064±354' I 
2 172±5 10" I 
3433±549" 1 
5329±916" I 
RPE RPEn MET. 
1.0 
1.3' 
5.0 
5.5 
7.7 
89 
2.5 
2.9 
3.3 
3.9 
4.9 
6.4 
7.5 
8.7 
i 
___ I 

